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ABSTRACT 
PSYCHOSOCIAL FACTORS AFFECTING PREGNANT HISPANIC WOMEN 
MAY 2014 
MARUSHKA LEANNE SILVEIRA, B.D.S., MAHARASHTRA UNIVERSITY OF HEALTH 
SCIENCES 
M.P.H., UNIVERSITY OF MASSACHUSETTS AMHERST 
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Lisa Chasan-Taber 
Prenatal psychosocial stress, anxiety, and depression are common, with higher rates 
among Hispanic women. While evidence supports an adverse effect of psychosocial factors on 
glucose intolerance and oral health, studies during pregnancy are sparse, particularly among 
Hispanic women. Therefore, we examined correlates of psychosocial factors and their 
associations with glucose intolerance and oral health among pregnant women.   
The first project examined correlates of high stress among 1,426 pregnant Hispanic 
participants in Proyecto Buena Salud, a prospective cohort study. Cohen’s Perceived Stress Scale 
was administered in early, mid- and late pregnancy. Using multivariable logistic regression, we 
found that increasing age, pre-pregnancy alcohol, and smoking were positively associated with 
high early pregnancy stress. Greater number of adults in the household was positively associated 
with high mid-pregnancy stress; while Spanish language preference and annual household income 
were inversely associated with high mid-pregnancy stress. Likewise, income was inversely 
associated with high late pregnancy stress.   
The second project examined the association between perceived stress and glucose 
intolerance among 1,115 pregnant Hispanic women from Proyecto Buena Salud. Stress during 
 vii 
early and mid-pregnancy was measured using perceived stress scale. Medical records were 
abstracted for blood glucose values. In multivariable logistic regression models, increase in stress 
from early-mid pregnancy was positively associated with risk of gestational diabetes.  
The third project examined the association between anxiety and depression and risk of 
tooth loss and use of oral health services among 402 pregnant participants in the 2010 Behavioral 
Risk Factor Surveillance System, a state-based telephone survey among the non-institutionalized 
U.S. adult population. Using multivariable logistic regression, we found that lifetime diagnosed 
anxiety was positively associated with tooth loss and non-use of oral health services in the past 
year. We found no association between depression and oral health.   
To summarize, this dissertation adds to the limited research on psychosocial factors and 
their associated impacts on the health of pregnant women. Evaluation of correlates of stress may 
be useful in identifying women at high risk for prenatal stress, particularly Hispanic women. 
Early identification of modifiable psychosocial risk factors may provide an opportunity for 
prevention of glucose intolerance and oral disease during pregnancy.   
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CHAPTER 1  
CORRELATES OF PERCEIVED PSYCHOSOCIAL STRESS AMONG PREGNANT 
HISPANIC WOMEN 
Introduction: Public Health Impact 
Pregnancy complications such as preterm birth (less than 37 weeks gestation) and low 
birth weight (less than 2,500 grams) are major public health concerns, with rates increasing 
consistently over the past few decades (1). Children that are born preterm have increased rates of 
perinatal morbidity and mortality, with long term effects on fetal development and health 
persisting into adulthood. Furthermore, these birth outcomes place an overwhelming burden on 
the healthcare system (2, 3). Pregnant Hispanic women represent a high risk group for adverse 
pregnancy outcomes. As compared to non-Hispanic Whites, Hispanics from the Caribbean 
islands (i.e., Puerto Ricans and Dominicans) experience higher rates of adverse birth outcomes, 
with rates of 14.5% (compared to 11.5%) for preterm birth and 9.9% (compared to 7.3%) for low 
birth weight (1). This is important as Puerto Ricans and Dominicans constitute the largest 
Hispanic subgroup in the northeast U.S., the second largest group of Hispanics in the U.S., and 
the fastest growing subgroup (4, 5).  
Considerable evidence supports a modest adverse effect of prenatal stress on  fetal and 
infant birth outcomes such as preterm birth and low birth weight (6-9), intrauterine growth 
restriction, fetal and infant behavior and development (6, 9-12), and increased fetal morbidity (6-
8, 10-18). Risk factors such as medical and obstetric histories, life style and behavioral risk 
factors (smoking and drinking behaviors), and socio-demographic characteristics account for 50 
percent or less of the incidence of low birth weight, premature and preterm birth and their 
postnatal sequelae (10, 19, 20). Therefore, a significant portion of adverse pregnancy outcomes 
may be attributable to psychosocial factors such as stress (10, 15). The adverse effects of prenatal 
stress are also evident in the postpartum period. Maternal stress has been associated with negative 
psychological consequences such as increased risk of postpartum depression (21). In the 
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postpartum period, prenatal stress among Hispanic couples has been associated with poor infant 
health and mortality due to parental dysfunction (e.g. parenting stress, child abuse potential, 
physically punitive behavior, and parental disengagement) (22). Therefore, assessing correlates of 
high stress during pregnancy may help in identifying women at risk for high prenatal stress, as the 
first step in preventing stress-induced pregnancy and post-pregnancy complications. In this way, 
we could move the public health impact upstream by recognizing women at risk for high prenatal 
stress in the pre-pregnancy period, thus preventing high stress during early pregnancy and its 
adverse effects in later stages of pregnancy.  
Psychosocial stress can be conceptualized as the relation between a stimulus and a 
response; where stimuli include stressors from the internal or external environment and response 
includes reaction to stress. Specifically, the definition highlights the relationship between an 
individual and the environment, taking into account both the characteristics of the individual as 
well as the nature of the environment (23). According to the transactional model of stress, effects 
of stress are believed to occur, primarily, when a situation is appraised by an individual as 
threatening or demanding, and secondarily, when coping resources are insufficient to deal with 
the situation (23-25). Instruments used to measure stress draw on different aspects of stress, and 
the assessment varies by the tool used for measurement. Commonly used stress measures in 
pregnancy include perceived stress, stressful life events, pregnancy-related anxiety, state-trait 
anxiety (state anxiety refers to anxiety about an event, whereas trait anxiety refers to anxiety level 
as a personal characteristic (26)), psychological distress, and daily hassles (27). Stressors during 
pregnancy could be events or experiences either related or unrelated to pregnancy (17). Pregnant 
women are less likely to experience major acute life events (e.g. natural disasters, diseases, 
harmful conditions, or work related events) (28). Further, given the additional contribution of 
already existing chronic stress, objective measures assessing specific life events may not fully 
capture global stress among pregnant women (28). Therefore, it may be valuable to utilize 
measures of stress that take into account the impact of specific stressors and their appraisal by 
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pregnant women while considering supportive resources. The perceived stress scale (PSS-14) by 
Cohen is a 14-item measure to assess the degree to which situations in one's life are thought to be 
stressful (25). An instrument measuring stress appraisal such as the Perceived Stress Scale may 
yield a more direct measure of the level of stress experienced by an individual, as compared to 
objective measures of stressful events (25).  
Stress is a common psychosocial condition affecting women in the perinatal period (29). 
Wide variation in the instruments used to measure stress has resulted in differing rates across 
studies (30). For example, 12% of women from the Canadian Maternity Experiences Survey 
(MES) experienced high levels of perceived stress in the year prior to the birth of their baby in 
response to one overall question about the amount of stress in their lives (31). In a cross-sectional 
analysis from a longitudinal study of antenatal care among predominantly non-Hispanic White 
women in Seattle, majority of the participants (mean gestational age 23.5±7.3 weeks) reported 
psychosocial stress (6% high, 78% low-moderate, 16% no stress) as measured by the Prenatal 
Psychosocial Profile (PPP) Stress Scale (30). Laraia et al. (32) found higher mean perceived 
stress scores using the PSS-14 in early pregnancy (before 20 weeks gestation) among 606 
predominantly non-Hispanic White participants (7.9% other racial/ethnic groups) with incomes 
≤400% of the poverty line (22.3±8.1, range of 2–47), as compared to those reported by prior 
studies among non-pregnant women (20.2±7.8; 16.1±7.6) (33, 34). Women of low socioeconomic 
status and racial/ethnic minorities such as Hispanics may experience higher levels of psychosocial 
stress during pregnancy due to greater number of stressors and lower availability of personal 
resources and social support (35, 36). In a previous paper in the Proyecto Buena Salud, pregnant 
Hispanic Caribbean Islanders reported higher mean levels of psychosocial stress during early 
pregnancy, as measured by the PSS-14, of 26.9±7.1 (range 5–48) (37) than those reported 
previously among predominantly pregnant non-Hispanic White women (32). Thus, pregnant 
Hispanic women represent a group with high levels of psychosocial stress. 
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Prior studies have examined factors associated with stressful life events (38-40), 
psychological distress (41, 42), and pregnancy-specific stress (43). Few studies have specifically 
explored factors that contribute to or coexist with perceived psychosocial stress during pregnancy 
(30, 31, 44). In these studies, correlates of high stress included demographic characteristics (i.e., 
younger age, higher income, lower educational status, being unmarried, unemployment) 
psychosocial variables (unhappy feelings about being pregnant, current and previous history of 
depression, low perceived psychosocial support during pregnancy), behavioral factors (smoking, 
alcohol, and drug use), obstetric history (previous miscarriage, existing or newly developed 
medical health conditions during pregnancy, greater pregnancy-related complications), and 
domestic violence (30, 31, 44). These studies were limited by cross-sectional assessments of 
stress at only one pregnancy time point. Among other studies that measured psychosocial stress at 
multiple time points, findings show a decrease in stress (as measured by the PSS-14 and PPP) and 
psychological distress (as measured by the 30-item general health questionnaire) from early to 
mid- to late pregnancy (45-47), however one prior study conducted among Canadian women 
found that stress (as measured by the Pregnancy-Specific Stress Questionnaire) followed a U-
shaped pattern with the lowest scores seen in the second trimester (43). Differing factors may 
affect stress at various time points during pregnancy, which may not be captured by cross-
sectional assessments of stress. Secondly, wide variation in the instruments used to measure stress 
has limited comparison of results across studies. Moreover, some studies (44) may have lacked 
sufficient power to detect associations due to small sample sizes. Finally, none of these studies 
evaluated correlates of stress among a high risk population of pregnant Hispanic women. 
Therefore, we prospectively measured perceived psychosocial stress and identified its 
correlates among pregnant Hispanic women using data from Proyecto Buena Salud, a prospective 
study of prenatal care patients of Puerto Rican and Dominican descent in Western Massachusetts.  
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Epidemiological Research 
Prior epidemiological research has examined factors associated with stressful life events 
(38-40), psychological distress (41, 42), and pregnancy-specific stress (43). Only three studies 
have specifically explored correlates of psychosocial stress among pregnant women (30, 31, 44). 
Furthermore, to our knowledge, no epidemiological studies have examined factors associated 
with perceived psychosocial stress among a population of predominantly Hispanic women.  
The only study that utilized the Perceived Stress Scale to measure stress was conducted 
by Stancil et al. among a subset of 94 pregnant African-American women enrolled in a 
longitudinal study of pregnancy and exposure to lead in the environment. Two interviews (one in 
the first half and the second in the latter half of pregnancy) were conducted by trained 
interviewers. Information was also collected on demographic factors such as age, education, 
household income, and marital status as well as behavioral factors such as smoking, alcohol 
consumption and recreational drug use. Stress was measured using the 10-item version of the PSS 
during the second half of pregnancy (44).  
They found that younger age (β=2.4; 90% confidence interval (CI): 0.4-4.5 for 18-21 vs. 
>21 yrs.), higher income (β=0.4; 90% CI: 0.1-0.6 for per capita income in $1000s), lower 
educational status (β=−1.6; 90% CI: –3.2-−0.1) and experiences of discrimination (β=2.1; 90% 
CI: 0.8-3.4) were statistically significantly associated with higher perceived stress. Although the 
study identified age, income, and education as correlates of stress, the small sample size may 
have led to insufficient power to detect certain correlates such as other demographic factors, 
occurrence of life events, and neighborhood safety. Measurement of stress at one time point 
during late pregnancy may not fully capture the variability in stress during pregnancy. Moreover, 
differing factors may affect stress at different stages in pregnancy, which may not be identified 
using one cross-sectional assessment of late pregnancy stress. In addition, the study population 
was restricted to pregnant African-American women, which limits generalizability of the results 
to populations with other ethnicities, as correlates of stress may vary by ethnicity.     
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The most recent study examining factors associated with perceived stress was conducted 
by Kingston et al. in 2012 among pregnant Canadian participants in the MES. The study was 
designed to evaluate Canadian women’s knowledge, experiences, and practices during pregnancy, 
birth and early post-partum. Female interviewers conducted telephone interviews on 6,412 
women at approximately 5 to 9 months postpartum to collect information on perceived stress, 
demographic factors, psychosocial factors, obstetric history, maternal health and pregnancy-
related complications and procedures. High stress was defined as “very stressful” , whereas low 
stress was defined as “not or somewhat stressful” to the question “Thinking about the amount of 
stress in your life during the 12 months before your baby was born, would you say that most days 
were _____________”.  
Kingston et al. found that demographic variables such as maternal age, education, 
household income, marital status, place of residence, aboriginal status and immigrant status were 
not related to stress (31). Factors that were associated with high stress included psychosocial 
variables such as reaction to pregnancy (odds ratio (OR)=1.4; 95% CI: 1.0-1.8 for unhappy or 
neither happy/unhappy vs. somewhat/very happy about being pregnant), stressful life events 
(OR=3.2; 95% CI: 2.7-3.8 for ≥3 vs. <3), previous history of depression/prescribed 
antidepressants prior to pregnancy (OR=1.6; 95% CI: 1.3-1.9 for yes vs. no), and perceived 
psychosocial support during pregnancy (OR=1.5; 95% CI: 1.2-1.9 for available none/little/some 
of the time vs. most/all of the time). Maternal health related factors such as previous miscarriage 
(OR=1.3; 95% CI: 1.1-1.6 for ≥1 vs. none), medical conditions before pregnancy (OR=1.4; 95% 
CI: 1.2-1.7 for yes vs. no), newly developed medical conditions during pregnancy (OR=1.6; 95% 
CI: 1.3-1.9 for yes vs. no), prenatal classes attendance (OR=1.3; 95% CI: 1.1-1.6 for no vs. yes) 
and total number of ultrasounds during pregnancy (OR=1.2; 95% CI: 1.0-1.5 for ≥3 vs. <3) were 
also significantly associated with high stress.  
A main limitation of the study was that stress was assessed as a single item that has not 
been previously validated, and thus the validity of the instrument in measuring prenatal stress is 
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unknown. As prenatal stress was measured during the post-partum period, inaccurate recall could 
have resulted in misclassification. Furthermore, if recall of stress differed according to levels of 
specific correlates; a recall bias could have occurred leading to differential misclassification. 
Lastly, although the study was conducted in a large population-based sample, the population 
consisted of predominantly White, highly educated women with partners. Findings may not be 
generalizable to other populations, as factors associated with stress may vary by socioeconomic 
status and ethnicity.      
In a cross-sectional analysis conducted in a longitudinal study of 1,522 predominantly 
non-Hispanic White antenatal care patients in Seattle, Woods et al. administered the PPP in the 
second and third trimesters (mean gestational age 23.5±7.3 weeks). The PPP is designed to 
measure women’s perceptions of stress, support from partner and others, and self-esteem during 
pregnancy (46). The questionnaire also included information on depression, and panic disorder as 
well as demographic characteristics, social history, medication use, history of general health, 
previous obstetric complications, tobacco, alcohol and drug use, and domestic violence.  
The authors found that demographic factors such as age, race, marital status, 
employment, education, and history of pregnancy complication were not significantly associated 
with high psychosocial stress (30). Domestic violence (OR=3.3; 95% CI: 1.4-8.3 for yes vs. no), 
drug use (OR=3.8; 95% CI: 1.2-12.5 for yes vs. no), chronic health problems (OR=3.1; 95% CI: 
1.8-5.5 for ≥2 vs. <2), current depression (OR=9.6; 95% CI: 5.5-17.0 for yes vs. no), and panic 
disorder (OR=6.8; 95% CI: 2.9-16.2 for yes vs. no) increased the odds of high psychosocial stress 
during pregnancy.  
This study had several strengths such as a large population of ethnically and 
economically diverse pregnant women (9% Hispanic), and measurement of multiple covariates 
with adjustment for a wide range of demographic, psychosocial, behavioral and biomedical 
factors. However, similar to the two studies above by Stancil et al. and Kingston et al., this study 
was limited by the cross-sectional measurement of stress during late pregnancy which restricted 
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the ability to assess correlates of stress at other time points during pregnancy. The PPP has 
demonstrated acceptable reliability and validity as measures of stress, support from partner and 
others, and self-esteem in a population of culturally diverse rural and urban pregnant women, 
however the self-esteem component was found to be culturally inappropriate for Hispanic women 
(46).     
In summary, the three studies examining factors affecting perceived psychosocial stress 
among pregnant women found conflicting results, with one study suggesting that younger age, 
higher income, and lower education were significantly associated with high perceived stress (44), 
whereas the two other studies did not find an association between demographic factors such as 
age, race, education, employment, income, marital status, parity, and rural/urban residence and 
psychosocial stress (30, 31). Psychosocial factors such as a diagnosis of depression, prescription 
of anti-depressants prior to pregnancy, reaction to pregnancy, abuse before or during pregnancy, 
and perceived psychosocial support during pregnancy were significantly associated with high 
psychosocial stress (31). Conflicting results could have resulted due to the use of varying 
instruments for stress, which captured differing aspects of stress, thus limiting comparison of 
results across studies. Secondly, findings of differing correlates across the three studies could 
have occurred due to the differing time points. Pregnant women report higher stress levels during 
the early stages of pregnancy. These studies measured stress in mid-late pregnancy or overall 
across pregnancy, thus limiting the ability to measure early pregnancy stress and identify its 
correlates. Additional drawbacks include the possibility of recall bias due to assessment of 
prenatal stress during the post-partum period in one study (31), as well as potentially low power 
in one study (44). Finally, there exists an important research gap in the identification of correlates 
of psychosocial stress among pregnant Hispanic women, an understudied population with 
increased risk for stress and its sequelae during pregnancy. 
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Summary 
To summarize, antenatal psychosocial stress has been implicated in both immediate and 
long term adverse maternal and fetal outcomes. Most women experience moderate levels of 
psychosocial stress during pregnancy, with varying stress levels across studies. Higher rates of 
stress have been observed among pregnant Hispanic women, a population at high risk for adverse 
birth outcomes. This is important as Hispanics form the largest minority group and are a rapidly 
growing population in the United States.  
Prior epidemiological literature has evaluated the impact of prenatal stress on a wide 
range of outcomes; however few studies have examined factors associated with psychosocial 
stress among pregnant non-Hispanic women with conflicting results. Additionally, these studies 
were limited by varying instruments, cross-sectional measures of prenatal stress and different 
timing of stress assessment, and were conducted on predominantly White populations. To our 
knowledge, no studies have examined factors affecting perceived psychosocial stress among 
pregnant Hispanic women. 
We aimed to address an important research gap in identification of correlates of antenatal 
stress in a high risk group of pregnant Hispanic women. Our study extends prior literature by 
measuring stress at multiple time points during pregnancy and identifying its correlates cross-
sectionally at each time point as well as longitudinally across pregnancy. We used the PSS-14 as 
a measure of perceived stress, which is a widely used validated instrument that assesses the global 
level of stress and measures appraisal of individual level stressors. Therefore, the proposed study 
evaluated socio-demographic, acculturation, behavioral, medical and psychosocial factors as 
correlates of perceived psychosocial stress among pregnant Hispanic women.  
 
Specific Aims and Hypotheses 
Using a population of Hispanic women, we identified the correlates of high perceived 
psychosocial stress during early, mid- and late pregnancy:  
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Specific Aim 1: To examine if socio-demographic factors are associated with high 
perceived stress. 
Hypothesis 1: Maternal age, educational status, health insurance, marital status, living 
with a spouse/partner will be inversely associated with high perceived stress; while annual 
household income, and number of children and adults in the household will be positively 
associated with high perceived stress. 
Specific Aim 2: To examine if acculturation factors are associated with high perceived 
stress.  
Hypothesis 2: Spanish language preference will be inversely associated with high 
perceived stress, while increasing generation in the United States and greater acculturation will be 
positively associated with high perceived stress. 
Specific Aim 3: To examine if behavioral factors are associated with high perceived 
stress. 
Hypothesis 3: Smoking and alcohol consumption both pre- and during pregnancy will be 
positively associated with high perceived stress, whereas total physical activity during pregnancy 
will be inversely associated with high perceived stress. 
Specific Aim 4: To examine if medical factors are associated with high perceived stress. 
Hypothesis 4: Increasing pre-pregnancy body mass index (BMI) and parity and a 
previous history of adverse pregnancy outcomes will be positively associated with high perceived 
stress. 
 
Methods 
Study Design and Study Population 
We evaluated socio-demographic, acculturation, behavioral, medical and psychosocial 
factors as correlates of high perceived stress during early, mid- and late pregnancy among 
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Hispanic women using data from Proyecto Buena Salud, a prospective study of prenatal care 
patients of Puerto Rican and Dominican descent in Western Massachusetts. 
Proyecto Buena Salud was conducted from 2006 to 2011 in the ambulatory obstetrical 
practices of Baystate Medical Center, an integrated health system in Western Massachusetts. 
Details of the study have been presented elsewhere (37). Briefly, the overall goal of Proyecto 
Buena Salud was to examine the relationship between physical activity, psychosocial stress, and 
risk of gestational diabetes in Hispanic women of Caribbean Island heritage. Bilingual 
interviewers recruited patients at prenatal care visits early in pregnancy (up to 20 weeks 
gestation), informed them of the aims and procedures of the study and obtained written informed 
consent. This study was approved by the Institutional Review Boards of the University of 
Massachusetts-Amherst and Baystate Health. 
At the time of enrollment (mean=12.4 weeks gestation), bilingual interviewers collected 
information on socio-demographic, acculturation, behavioral, and psychosocial factors. 
Information on behavioral and psychosocial factors was updated in mid- (mean=21.3 weeks 
gestation) and late (mean=30.8 weeks gestation) pregnancy. Interviews were conducted in 
Spanish or English (based on patient preference) in order to eliminate potential language or 
literacy barriers.  
Eligibility 
Eligibility was restricted to women of Puerto Rican or Dominican Republic (PR/DR) 
heritage. Exclusion criteria included: 1) current medications which adversely influence glucose 
tolerance, 2) multiple gestation, 3) history of diagnosis of diabetes, hypertension, heart disease or 
chronic renal disease, and 4) less than 16 years or over 40 years of age.  
A total of 1,604 prenatal care patients were enrolled in Proyecto Buena Salud. For the 
current analysis, we excluded participants who experienced a miscarriage as well as those with 
incomplete stress information in early, mid, and late pregnancy (n=178) for a total of 1,426 
women in the final sample. 
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Exposure Assessment 
Socio-demographic Factors 
At the time of enrollment, interviewers collected information on age, education, annual 
household income, marital status, living situation (i.e., with a partner/spouse), and number of 
children (under 18 years) and adults in the household. Age was categorized as less than 19, 19-23, 
24-29, and 30 years and above. Educational status was categorized as less than high school, high 
school graduate, and some college/graduate. Annual household income was categorized as 
$15,000 or less, over $15,000-$30,000, $30,000 and above, and don’t know/refused/missing. 
Marital status was categorized as single/divorced/separated/widowed and married.  
Acculturation Factors 
At the time of enrollment, interviewers administered the 10-item Psychological 
Acculturation Scale (PAS) (48) which measures an individual’s sense of psychological 
attachment to and belonging within Anglo-American and Latino/Hispanic cultures. Item 
responses are scored on a 5-point Likert scale ranging from 1 (only Hispanic/Latino) to 5 (only 
Anglo/American). Scores <3 were defined as low acculturation and scores ≥3 as high 
acculturation. As proxies of acculturation, interviewers also collected information on language 
preference for speaking/reading (English, Spanish) and generation in the Continental U.S.  
Behavioral Factors 
Behavioral factors were assessed at each interview using questions designed by the 
Pregnancy Risk Assessment Monitoring System, a surveillance project of the Centers for Disease 
Control and Prevention and included pre- and early pregnancy alcohol consumption and cigarette 
smoking (49). Pre-pregnancy alcohol consumption was categorized as none, 0 to 5, over 5 to 12, 
and over 12 drinks per month. Early pregnancy alcohol consumption was categorized as none or 
yes. Pre- and early pregnancy cigarette smoking was categorized as none, ≤10 cigarettes, and 
over 10 cigarettes per day.  
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Physical activity during pre-pregnancy (1 year before the pregnancy) and pregnancy was 
evaluated at each interview using a modified version of the Pregnancy Physical Activity 
Questionnaire (PPAQ). The PPAQ is a semi-quantitative questionnaire that evaluates 
participation in four domains of activities: household/caregiving, occupational, sports/exercise, 
and transportation (50). The duration of time spent on each activity was summed and multiplied 
by its intensity as defined by the Compendium of Physical Activities for each activity domain 
(i.e., household/caregiving, occupational, sports/exercise, transportation), and intensity (i.e., 
sedentary (<1.5 METs), light (1.5-2.9 METs), moderate (3-5.9 METs) or vigorous (≥6 METs)), 
as well as for total physical activity (total MET hrs./week) (51). Physical activity was analyzed as 
quartiles.  
Psychosocial Factors 
Trait anxiety was assessed at each interview using the Spielberger State-Trait Anxiety 
Inventory (STAI) which measures relatively stable individual differences in anxiety proneness 
and contains 20 statements about how the respondent generally feels (26). Trait anxiety was 
analyzed as quartiles.  
Depressive symptoms were assessed at each interview using the 10-item Edinburgh 
Postnatal Depression Scale (EPDS) available in English (52) and Spanish (53). Each item asks 
how the woman has felt during the previous week and includes four categorical response options 
(yes, most of the time, no, not at all). Items are rated on a 4-point scale (0, 1, 2, 3) with a range of 
0 to 30. Women with a score ≥13 were considered to have probable minor depression or a score 
≥15 probable major depression (54-56). 
Medical Factors 
After delivery, medical records were abstracted for medical and obstetrical history, 
including pre-pregnancy BMI, parity, clinical characteristics of the current pregnancy, and 
reproductive history. BMI was categorized as underweight (less than 18.5 kg/m
2
), normal (18.5 
kg/m
2
 to under 25 kg/m
2
), overweight (25 kg/m
2
 to under 30 kg/m
2
), and obese (30 kg/m
2
 or 
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above), according to the Centers for Disease Control and Prevention categories. Parity was 
categorized as 0, 1, and 2 or more. Participants were classified as having a history of adverse 
pregnancy outcome if they responded yes to a history of any of the following: gestational 
diabetes, infant anomalies, stillbirth, macrosomia, intrauterine growth restriction, preterm 
premature rupture of membrane, or preterm delivery.   
Validity of Exposure Assessment 
Information on demographic, acculturation, behavioral, medical and psychosocial factors 
was collected through self-report via interviews and medical record abstraction after delivery. We 
used multiple measures for acculturation including the PAS, generation and language. PAS scores 
have been observed to correlate with migration history and patterns of Spanish and English 
language use in a sample of Puerto Rican women, where correlations between PAS scores from 
the Spanish and English versions (r=0.94) indicate high cross-language measurement equivalence 
(48). The scores on each version of the scale were internally consistent (r=0.83 for Spanish 
version and 0.85 for English version) in a sample of 36 self-identified bilingual Hispanics. When 
tested in a sample of 107 Puerto Ricans, items were internally consistent with coefficients of 
reliability for scores on the Spanish and English versions of 0.90 and 0.83, respectively (48). 
Generation and language preference are among the most commonly used markers of 
acculturation, and are used for validation of other acculturation measures including most standard 
acculturation scales (57). Behavioral items such as physical activity, smoking and alcohol 
consumption were adapted from previously validated scales. The PPAQ has demonstrated 
moderate to high reproducibility for total physical activity (r=0.78) among pregnant women. 
Spearman correlations between the PPAQ and three published cut points used to classify 
actigraph data among non-pregnant populations ranged from 0.08 to 0.43 for total activity, 
suggesting modest validity (50). Prior studies have found overall accurate self-reporting of 
smoking among pregnant women, when validated against exhaled carbon monoxide levels 
(sensitivity and specificity 64.3-85.6 and 97.1-98.7) (58). Other studies have demonstrated high 
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validity of self-reported smoking by pregnant women, when compared with serum cotinine 
measures (sensitivity and specificity 78-80% and 99-99.6%; k=0.83, r=0.44) (59, 60).  
The STAI has previously been validated in studies during the prenatal period (61). 
Internal consistency ranges from 0.89-0.91 (26). The Spanish version of the scale was validated 
and adapted by TEA editions (62). The EPDS has been validated as a depression screening tool in 
pregnant and postpartum Hispanic women (63). Its sensitivity and specificity ranges from 90-
100% and 78-88% for detection of major and minor depression, respectively (52).     
 
Outcome Assessment 
Perceived Psychosocial Stress 
Perceived stress was measured at each interview using Cohen’s Perceived Stress Scale, a 
widely used and validated measure of perceived stress. The Perceived Stress Scale, which 
includes 14 items, is designed to address the stress level experienced by an individual as a 
function of objective stressful events, coping processes, personality factors, etc. and is designed 
to measure the degree to which respondents find their lives unpredictable, uncontrollable and 
overloading (25). Questions include aspects of stress appraisal such as “How often have you felt 
nervous and stressed?” as well as coping abilities such as “How often have you felt that you could 
not cope with all the things that you had to do?” Each item was rated on a 5-point scale ranging 
from never (0) to almost always (4). Positively worded items were reverse scored, and the ratings 
were summed. Scores ranged from 0 to 56, with higher scores indicating more perceived stress.  
Validity of Outcome Assessment 
Internal consistency of the PSS as assessed by Cronbach’s alpha was 0.84-0.86 in three 
samples tested by Cohen et al (25) and 0.78 in a general population study (64, 65). Test-retest 
reliability ranged from 0.55 over six weeks to 0.85 over two days. PSS scores have been observed 
to correlate with other measures of stress, including average weekly stress (r=0.36) and number 
of life events (r=0.30), indicating the scale’s construct validity (34). Correlations were also 
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observed with indices of depressive symptomatology (0.65 and 0.76), but the PSS was found to 
measure a different, independent construct (25). The European Spanish version of the PSS-14 
demonstrated moderate reliability (internal consistency, alpha=0.81, and test-retest, r=0.73), 
concurrent validity indicated by the correlation between PSS and other instruments that measure 
similar constructs including distress (r=0.71) and anxiety measures (r=0.66), and sensitivity to 
detect populations under different levels of stress (variations in stress levels for subgroups of 
population) (65).  
 
Data Analysis 
We examined correlates of high perceived psychosocial stress during early, mid- and late 
pregnancy in a population of pregnant Hispanic women. 
Univariate Analysis 
The number and percentage of participants’ baseline characteristics are presented (Table 
1.1).  
Bivariate Analysis 
Repeated-measures analyses of variances (ANOVAs) were computed for each stress 
measure to examine time differences in the PSS score across each stage of pregnancy. In light of 
prior literature suggesting a threshold effect of psychosocial factors on adverse maternal and fetal 
outcomes (66), we evaluated correlates of high perceived stress. Because there are no published 
cut-points for high versus moderate or low stress for the PSS-14, we compared women in the top 
quartile with those in lower quartiles of stress. Specifically, we used a cut-point of PSS-14>30 to 
define high perceived stress, based on the average of the 75th percentile scores (early=29, 
mid=30, and late=31) at each stage in pregnancy. Distributions of socio-demographic, 
acculturation, behavioral, medical history and psychosocial factors were examined according to 
stress categories using Chi Square Tests or Fisher’s Exact Test, in cases of small cell size (Table 
1.1).  
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Multivariable Analysis 
Multivariable logistic regression was used to calculate ORs and 95% CIs for high 
perceived stress during each stage of pregnancy in relation to potential correlates. Initial models 
included factors associated with psychosocial stress in the prior literature (i.e., age, education, 
income, whether living with a spouse/partner and number of children in the household). Socio-
demographic, acculturation, behavioral and medical factors that were associated with high stress 
in unadjusted models at p<0.20 were added to the initial model, one at a time to evaluate the 
potential confounding effect on variables in the naive model. Variables with a p-value<0.05 from 
likelihood ratio tests or that caused a greater than 10% change in the coefficient estimates for 
variables in the initial model were retained in subsequent models. We excluded trait anxiety and 
depression from the regression models as these factors may reflect aspects of stress and are highly 
correlated with perceived stress (r=0.66-0.81, p<0.01) (67). Stress was highly correlated with 
both anxiety and depression during early, mid- and late pregnancy in our sample (Pearson and 
Spearman correlations between 0.61-0.73 and 0.66-0.70, p<.0001 respectively). All analyses were 
carried out for the outcome high stress in early, mid- and late pregnancy separately (Tables 1.2, 
1.3, 1.4). Tests for linear trend were calculated by modeling the ordinal variables as continuous 
variables.  
Finally, to account for the correlation between repeated measures of stress on the same 
subject, we used the generalized linear mixed effects procedure (SAS® Proc Glimmix) to model 
the effect of all correlates on stress (high vs. low) across pregnancy (Table 1.5). This procedure 
allows specification of a mixed logistic regression model with random and fixed effects and 
handling of unbalanced data with correlated outcome and missing data. A missing indicator 
category was included in the models for variables missing information for more than 25 
observations (1.8%), aside from age, education, insurance, living situation, number of adults in 
the household, language preference and pre-pregnancy smoking and alcohol consumption. As the 
missing indicator method may result in bias (68), we repeated our analyses using the complete 
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case analysis to compare findings between the two approaches to handle missing data. Sensitivity 
analyses were conducted comparing participant characteristics among those with complete data 
on stress vs. those missing data. Statistical analysis was conducted using SAS® 9.3 software by 
SAS Institute Inc. (SAS Campus Drive, Cary, North Carolina). 
 
Results 
A total of 1,426 women had information on perceived stress at one or more time points 
during pregnancy as follows: early (n=979), mid- (n=792), and late (n=751) pregnancy. Repeated 
measures ANOVA showed that mean PSS-14 scores differed according to pregnancy stage 
(p<.0001). Mean ± standard deviation (SD) PSS-14 scores were 26.2 ± 7.1, 25.2 ± 7.5 and 23.4 ± 
7.7 during early, mid- and late pregnancy, respectively. Among participants who had perceived 
stress measures at all 3 stages (n=242), mean ± SD PSS-14 scores were 26.2 ± 7.3, 25.0 ± 7.5, 
and 24.1 ± 8.0 during early, mid- and late pregnancy, respectively. Mean (Standard Deviation) 
individual level change in PSS-14 was -1.4 ± 6.7 for early-mid pregnancy (n=520; range: -26 to 
19) and -1.5 ± 6.7 for mid-late (n=413; range: -29 to 26) pregnancy. Overall, participants were 
young, with low levels of education, and income (Table 1.1). In bivariate analyses, younger age 
and higher generation in the United States were inversely associated with early pregnancy stress 
while pre-pregnancy alcohol consumption, pre- and early pregnancy smoking, early pregnancy 
depression and trait anxiety were positively associated with early pregnancy stress (Table 1.1).  
Associations in Early Pregnancy  
Women less than 19 years of age had a 50% lower odds of high perceived stress during 
early pregnancy compared to women between 19 and 23 years (OR=0.5; 95% CI: 0.4-0.8, 
ptrend=0.48) (Table 1.2, Model A). After adjustment for language preference (Model B), women 
who preferred Spanish had a 30% lower odds of high perceived stress compared to those who 
preferred English (95% CI: 0.5-1.0). With further adjustment for generation and pre-pregnancy 
alcohol consumption (Model D), participants with annual household income greater than $30,000 
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had a 60% lower odds of high stress as compared to those with income of $15,000 or less (95% 
CI: 0.2-0.9, ptrend=0.06) (Model D). Participants reporting consumption of greater than 5–12 
drinks and over 12 drinks per month during pre-pregnancy had 1.8 (95% CI: 1.1-2.9) and 2.4 
times (95% CI: 1.6-3.6, ptrend<.0001) higher odds of high stress as compared to those with no 
alcohol consumption in pre-pregnancy. In the final model (Model E) which adjusted for 
education, income, living situation, children in the household, language preference and 
generation, we found that younger maternal age, pre-pregnancy smoking and alcohol 
consumption continued to be associated with perceived stress.  
Associations in Mid-Pregnancy 
Unlike early pregnancy, younger maternal age was not statistically significantly 
associated with high perceived stress during mid-pregnancy (Table 1.3, Model A). Women with 
annual household income between $15,000 and $30,000 had a 60% lower odds of high stress as 
compared to those with income of $15,000 or less (95% CI: 0.2-0.8, ptrend<0.01). After 
adjustment for adults in the household (Model B), participants who reported living with three or 
more adults had an 80% greater odds of mid-pregnancy stress when compared with one-adult 
households (95% CI: 1.1- 3.0, ptrend=0.01). After further adjustment for language preference 
(Model C), women with annual household income between $15,000 and $30,000 (OR=0.4, 95% 
CI: 0.2-0.7) and greater than $30,000 (OR=0.4; 95% CI: 0.1-0.9, ptrend<0.01) had lower odds of 
high stress compared to women with income of $15,000 or less. Finally participants who 
preferred Spanish had a 40% lower odds of high stress during mid-pregnancy as compared to 
those who preferred English for speaking/reading (95% CI: 0.4-0.9). 
Associations in Late Pregnancy 
Annual household income between $15,000 and $30,000 was the only variable associated 
with high stress during late pregnancy, when compared with income of $15,000 or less (OR=0.4; 
95% CI: 0.2-0.8, ptrend=0.16) (Table 1.4, Model A). No other socio-demographic, acculturation, 
and behavioral factors were significant correlates of high stress during late pregnancy.   
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Overall Pregnancy 
Results from the random intercept logistic regression models were similar to those 
obtained within each stage of pregnancy (Table 5). In the initial model (model A), age less than 
19 years (OR=0.6; 95% CI: 0.4-0.8), college education (OR=0.6; 95% CI: 0.4-0.9), annual 
household income between $15,000 and $30,000 (OR=0.5; 95% CI: 0.4-0.8), and late stage of 
pregnancy (OR=0.5; 95% CI: 0.4-0.7) were inversely associated with reporting stress over time. 
After adding generation (Model B), participants with parents born in PR/DR had 40% greater 
odds of high stress as compared to those who themselves were born in PR/DR (95% CI: 1.1-1.7). 
With further adjustment for pre-pregnancy alcohol consumption (Model C),women who reported 
consumption of over 12 drinks per month had a 70% greater odds of high stress across pregnancy 
as compared to those with no alcohol consumption in pre-pregnancy (95% CI: 1.2-2.5). In the 
final model which further adjusted for pre-pregnancy smoking (model D), age, income, and stage 
of pregnancy were significantly inversely associated with high stress across pregnancy; whereas 
pre-pregnancy alcohol consumption and smoking (OR=1.9; 95% CI: 1.2-2.8) were positively 
associated with high stress.  
Finally, women missing information on psychosocial stress did not differ from those not 
missing stress with regards to socio-demographic, acculturation, behavioral, and psychosocial 
factors aside from insurance type (14.9 vs. 7.3% with private insurance, p=0.01). When we 
repeated our analyses using complete case analysis, our findings were virtually unchanged.   
 
Discussion 
In this prospective study of pregnant Hispanic women, we found that stress levels 
significantly differed according to stage of pregnancy, and were higher during early pregnancy 
and tended to decrease in later stages. Increasing age, pre-pregnancy alcohol, and smoking were 
positively associated with high early pregnancy stress. Number of adults in the household was 
positively associated with high mid-pregnancy stress; while increasing household income and 
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Spanish language preference were inversely associated with high mid-pregnancy stress. Likewise, 
higher annual household income was inversely associated with high late pregnancy stress. 
Although, correlates such as age were not associated with high stress during mid- and late 
pregnancy, the point estimates were similar to those for early pregnancy. Given that our sample 
sizes were lower for the later stages of pregnancy, it is likely that decreased statistical power may 
have limited our ability to detect age as a correlate of high stress during mid- and late pregnancy.   
Our findings of higher stress levels during early pregnancy as compared to later stages of 
pregnancy are consistent with other studies that measured psychosocial stress at multiple time 
points (45-47), except for one prior study among predominantly non-Hispanic White women in 
Canada that found stress as measured by the Pregnancy-Specific Stress Questionnaire followed a 
U-shaped pattern with the lowest scores seen in the second trimester (43). There are both 
similarities and differences between several of our findings and those of the prior literature. 
Stancil et al. (44) found that younger age (18-21 years of age), higher income, and lower 
educational status were statistically significantly associated with higher perceived stress as 
measured by the PSS-10 in a sample of 94 pregnant African-American women. Similarly, we 
found lower education levels to be associated with higher perceived stress, while in contrast we 
found that younger maternal age (<19 years of age) and higher income were inversely associated 
with high perceived stress. Kingston et al. (31), in a sample of pregnant Canadian women, found 
that history of depression, and previous miscarriage were positively related to stress. Our findings 
were similar for depression, but in contrast, we found that maternal age, annual household income 
and number of adults in the household were significantly associated with perceived stress. Our 
results concur with a cross-sectional study by Woods et al. (30) conducted among predominantly 
non-Hispanic White women in Seattle, who found that marital status, and history of pregnancy 
complications were not significantly associated with high psychosocial stress as measured by the 
PPP. Our finding that English language preference was positively associated with high stress may 
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reflect higher acculturation status, which has been found to be associated with increased stressful 
life experiences and risk behaviors (69).  
Differences in findings between our study and those of prior literature may be due to the 
differences in the instruments used to measure stress. Only Stancil et al. (44) used the PSS-10 to 
measure stress, and their findings in African American women were similar to ours. Woods et al. 
used the PPP, which measures stress perception as well as available supportive resources similar 
to the stress construct measured by the Perceived Stress Scale, and their findings of no 
associations between marital status and a history of pregnancy complications with high stress 
during pregnancy were similar to ours. However, in contrast, they did not find that age and 
education were significant correlates of high stress, which could be due to differences in the study 
populations. Unlike our study which included younger women with low educational levels, the 
sample in the Woods et al. study comprised of older women (aged 15-51 years, mean 30.4±6.3) 
with over 79% educated beyond high school. As factors such as age and education may determine 
exposure to stressors as well as access to supportive resources (39, 70, 71), it is possible that these 
correlates of high stress may vary according to age and socioeconomic status. Lastly, Kingston et 
al. assessed high stress as a response to one overall question about the amount of stress in the year 
prior to the birth of their baby, and their findings of a positive association between medical 
conditions and prior miscarriage with high stress differed from ours. Their findings could have 
been affected by a potential recall bias, as information was collected in the postpartum period, 
and women with high stress during pregnancy may have likely recalled adverse pregnancy 
outcomes more clearly. Another important reason for differences in findings between our study 
and those in the prior literature could be attributed to differences in the timing of stress 
assessment across studies. We measured stress at 3 time points during early (<18 weeks GA), 
mid- (18-26 weeks GA) and late (26-40 weeks GA) pregnancy. In contrast, prior studies 
measured stress cross-sectionally during the 2
nd
 half of pregnancy (44), between 2
nd
 and 3
rd
 
trimesters (mean GA=23.5±7.3 weeks) (30), and 5-9 months postpartum (31). Factors associated 
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with high stress may vary according to pregnancy stage, which may likely explain the observed 
differences in our findings and those of prior literature. Lastly, compared to prior studies which 
focused on women with high socioeconomic backgrounds and living with spouse/partner (30, 31) 
and belonging to White (30, 31) and African-American ethnicities (44), our study included 
Hispanic women of relatively low socioeconomic status. Stress levels as well as their correlates 
vary by racial/ethnic groups and socioeconomic backgrounds (72), which may have resulted in 
differing results.      
Our study had several limitations. Data on socio-demographic, behavioral, and 
psychosocial factors were collected via questionnaires conducted by trained bilingual 
interviewers. Thus, the possibility of errors in the interviewing procedure seems minimal. Socio-
demographic factors were self-reported by participants and may be subject to misreporting. 
Reporting of true socio-demographic factors (e.g. age, race) are relatively less likely to be 
affected by stress levels as these factors most likely preceded the occurrence of stress during 
pregnancy, thus resulting in a non-differential misclassification and bias toward the null. 
However, it is possible that high levels of stress during pregnancy may affect the accuracy of 
report of certain factors such as annual household income. For example, if women with high 
stress were more likely to underreport their income, misclassification in this case would be 
differential and bias results toward the null. Acculturation factors in our study included multiple 
measures, including generation and language preference, which are used to validate other 
acculturation scales. The PAS has demonstrated high cross-language correlation as well as 
correlation with migration history and language use. Thus, misclassification of acculturation 
variables is less likely. An acceptability bias may have possibly led to under reporting of smoking 
among pregnant women, and a misclassification causing bias toward the null. However, studies 
have generally demonstrated high validity for self-reported smoking among pregnant women (58-
60). In addition prior studies have found that in general, Puerto Rican women are more likely to 
have higher smoking and alcohol consumption than other Hispanic sub-groups (73, 74). We did 
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not find studies assessing if higher reports of smoking and alcohol consumption is specifically 
due to lower underreporting among Hispanic women or reflect true estimates of greater 
consumption. To the extent that the higher rates represent true estimates of these behaviors, 
misreporting of smoking and alcohol due to social acceptability among pregnant Hispanic women 
may be less likely. Medical history was abstracted from medical records by trained medical 
abstractors, and may be less subject to misclassification. We expect misclassification of this kind 
to be minimal, but if it occurred it would be less likely to be influenced by stress status as medical 
abstractors were unaware of the study hypothesis, and therefore would have biased the results 
toward the null.  
The outcome perceived stress was assessed by trained interviewers. Thus, 
misclassification due to non-standard and inconsistent interviewing procedures is likely minimal. 
Cohen's Perceived Stress Scale is a previously validated tool for measurement of perceived stress. 
The reliability of the PSS-14 has found to be moderate (Cronbach’s alpha=0.75-0.81, rest-retest 
reliability=0.55-0.85). The European Spanish version has demonstrated moderate reliability 
(internal consistency, alpha=0.81, and test-retest, r=0.73). Both English and Spanish versions 
have demonstrated concurrent validity indicated by the correlation between the PSS and other 
instruments that measure similar constructs including distress and anxiety measures, and 
sensitivity to detect populations under different levels of stress (variations in stress levels for 
subgroups of population) (65). However, the Spanish version has not been validated in a 
population of Puerto Rican women. Cultural differences among Spanish speaking countries tend 
to affect the performance of the PSS (75), and it is likely that misclassification may have occurred 
due to possibly lower validity and reliability in the Puerto Rican population. Lastly, reporting of 
stress may have been affected by the subjective nature of the questionnaire. Differences in stress 
levels among participants may reflect real differences in stress or cultural differences in the 
conceptualization and expression of stress. Some studies have suggested higher stigma regarding 
mental illness in Hispanics as compared to non-Hispanic Whites and therefore greater reluctance 
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to disclose such problems outside of the family (76, 77). Self-reported depressive symptoms in 
Hispanic women have also been found to vary by acculturation (78). However, validity of the 
PSS has been found to be moderately high when validated against other instruments that measure 
similar constructs including average weekly stress, number of life events, distress and anxiety 
measures with adequate sensitivity to detect populations under different levels of stress (34, 65). 
Additionally, our use of the top quartile to reflect high perceived stress may have led to 
misclassification due to a potential inappropriate categorization of the continuous stress scores.  
Misclassification due to under or over reporting of stress may be differential or non-differential 
depending on the correlate of interest. It is less likely that under or over reporting of stress was 
affected by socio-demographic, acculturation and behavioral factors such as pre-pregnancy 
smoking and alcohol consumption as participants were unaware of the study aims. 
Misclassification as such would be non-differential and bias results toward the null. However, a 
differential misclassification could have occurred if participants with certain correlates such as 
younger age or lower income and education or higher acculturation tend to under or over report 
their stress, and its impact on the direction of bias is less predictable.  
Selection bias in a prospective cohort study could occur due to differential loss to follow 
up. The present analysis was conducted cross-sectionally among participants with complete stress 
information in early, mid, or late pregnancy, respectively. Participants missing stress measures 
during any pregnancy time period may differ from those not missing stress measures during that 
time period. Therefore, selection bias could result if participants missing stress measures differed 
according to levels of stress as well as levels of a particular correlate. For example, if those 
missing stress measures in early pregnancy were more likely to have annual income of $15,000 or 
less and high levels of stress than those with complete stress data, then this would bias the 
association between income and stress away from the null. To address this concern, we compared 
characteristics of those missing vs. not missing stress data at each pregnancy time point. Those 
missing stress data did not differ significantly from those not missing stress on all factors with the 
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exception of insurance status. To the extent that insurance status is associated with stress, such 
missing data could have led to bias.  
A surveillance bias could have occurred if participants with any of the exposures of 
interest i.e. age, education, income, etc. were screened more carefully for the outcome than those 
without those correlates. For example, if participants reporting annual household income levels of 
$15,000 or less were interviewed more carefully for stress during pregnancy than those with 
income greater than $30,000, this would result in a bias toward the null. This is more likely to 
have occurred for early pregnancy stress assessment as information on certain socio-demographic 
correlates such as income was assessed during the first interview, and interviewers were not 
blinded to the correlate information. However, surveillance bias is less likely to have occurred for 
stress during mid- or late pregnancy, as interviewers were unaware of participants’ baseline 
information. Similarly, correlates such as medical history factors were abstracted from medical 
records, and medical record abstracters were unaware of the participant’s stress levels, thus 
reducing the possibility of information bias. 
We included a wide range of correlates in our model that have been used in previous 
studies, and tested the effect of addition of each additional correlate on those in the initial models. 
A multivariable model was used to adjust for the effects of each correlate, where each factor was 
adjusted for all other variables in the model. Residual confounding is a possibility due to errors in 
measurement or inappropriately categorizing continuous correlates. However, items on our 
questionnaire were adapted from previously validated scales where measures (e.g. acculturation 
physical activity, smoking, alcohol consumption) had acceptable reliability and accuracy when 
compared against published gold standards, and exposure categories included fairly standard 
groupings, thus minimizing this concern. An error in the measurement of correlates such as pre-
pregnancy smoking and alcohol consumption in our study may have resulted in residual 
confounding. To the extent misclassification of smoking and alcohol occurred, our results could 
have been affected by residual confounding similar to other studies using self-reported data. We 
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did not have information on history of mental health such as previous stress, anxiety or 
depression prior to pregnancy. Previous history of depression could act as a potential confounder 
of the association between the exposure of pre-pregnancy alcohol consumption and current stress. 
Individuals with a prior history of depression may be more likely to have increased consumption 
of alcohol, and a history of depression would be positively correlated with psychosocial stress. 
Thus prior history of depression could cause positive confounding and a bias away from the null. 
However, this concern is minimized as these measures would likely be highly correlated with 
pregnancy mental health (31, 54, 79), and adjusting for pre-pregnancy history of depression may 
lead to an over adjustment bias due to inadvertently adjusting for pregnancy stress.   
Our results may not be generalized to pregnant women of all ethnicities and 
socioeconomic groups. Firstly, perceived stress levels may differ according to race/ethnicity and 
socioeconomic status, therefore our definition of high stress may not be representative of high 
stress in other racial/ethnic groups and socioeconomic backgrounds. Secondly, differing factors 
may be associated with stress appraisal among groups of non-Hispanic ethnicity or higher 
socioeconomic status, based on exposure to stressors and access to supportive resources. 
Therefore, our findings are generalizable to pregnant Hispanic women of similar socioeconomic 
status.   
In summary, in this prospective cohort of pregnant Hispanic women, maternal age, 
annual household income, pre-pregnancy alcohol and cigarette consumption were correlates of 
high perceived stress across pregnancy. Our findings that differing factors affected perceived 
stress during early, mid- and late pregnancy, underscore the importance of these correlates in 
identifying women at risk for high stress. Stress is a modifiable risk factor for a number of 
adverse pregnancy outcomes and prevention of high stress early in pregnancy would ultimately 
aid in prevention of stress-induced effects on the mother and child. Our results have important 
implications in incorporation of routine screening for psychosocial stress during prenatal visits 
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and implementation of psychosocial counseling services for women at high risk of stress during 
pregnancy. 
 
Significance 
An important aspect of our study is the use of the PSS-14 instrument to measure 
perceived stress among pregnant women. We extended prior research by prospectively measuring 
stress over time. Unlike prior studies, we were able to identify correlates of maternal stress at 
multiple time points during pregnancy as well as longitudinally across pregnancy. Differing 
factors may affect perceived stress during early, mid- and late pregnancy, and as found 
significantly associated with stress in our study, it is important to consider these factors in 
identifying women at risk for high prenatal stress. Furthermore, the study addresses an important 
research gap in measuring psychosocial stress among a high risk group of pregnant Hispanic 
women.  
 
Human Subject Protection 
Proyecto Buena Salud was approved by the Institutional Review Boards of University of 
Massachusetts Amherst and Baystate Health. Participants were informed of the aims and 
procedures of the study and written informed consent was obtained that included the purpose of 
research, procedures, risks and discomforts, benefits, costs and compensation, alternatives to 
participation, patient enrollment/length of study, confidentiality, voluntary participation, requests 
for additional information, and voluntary consent.  
Study personnel were trained in privacy protocols and every effort was made to ensure 
data were collected confidentially. All completed questionnaires and abstracted medical records 
were kept in secure file-cabinets. All data files were backed up and stored separately from the 
original data files. Computer files were kept on a password protected secure server, with access 
by study personnel only. All data were used specifically for research purposes. 
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There were no known possible risks to participants in this study, except the 
social/psychological risk for an individual resulting from inadvertent disclosure of confidential 
medical information. There were no known direct benefits to participants in this study, except 
their feelings of being involved in a large and important study.  
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Table 1.1. Baseline Participant Characteristics by Perceived Psychosocial Stress in Early 
Pregnancy; Proyecto Buena Salud, Western Massachusetts, 2006-2011. 
 
Continued, next page.  
 Low High
N
f
% % % p-value
g
Total 979 100.0 73.1 26.9
Demographic factors
Age (years)
<19 211 21.6 23.6 16.0 0.01
19-23 417 42.6 40.9 47.2
24-29 236 24.1 22.6 28.1
≥30 115 11.8 12.9 8.8
Educational status
Less than high school 460 47.5 46.5 50.0 0.29
High school graduate 313 32.3 32.0 33.1
Some college/graduate 196 20.2 21.4 16.9
Annual Household Income
<$15,000 283 28.9 28.2 30.8 0.09
>$15,000-$30,000 147 15.0 15.8 12.9
>$30,000 74 7.6 8.7 4.6
Don't know/Refused/Missing 475 48.5 47.4 51.7
Health Insurance
Public 909 93.5 93.2 94.3 0.56
Private 63 6.5 6.8 5.7
Marital status
Single/divorced/ separated/widowed 840 85.8 85.5 86.7 0.39
Married 103 10.5 11.2 8.8
Refused/Missing 36 3.7 3.4 4.6
Live with spouse/partner
No 473 49.1 49.6 47.9 0.64
Yes 490 50.9 50.4 52.1
Children (<18 yrs) in household
a
0 181 18.5 17.7 20.5 0.89
1 333 34.0 34.1 33.8
2 237 24.2 24.6 23.2
3+ 192 19.6 19.8 19.0
Adults (>18 yrs) in household
a
1 234 24.4 24.9 22.9 0.44
2 458 47.7 48.2 46.1
3+ 269 28.0 26.9 31.0
Acculturation factors
Language preference for speaking/reading
English 750 76.6 75.4 79.9 0.15
Spanish 229 23.4 24.6 20.2
Acculturation Status
b
<3 746 76.2 77.5 72.6 0.25
≥3 192 19.6 18.7 22.1
Total Sample Perceived Stress
i
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Table 1.1, continued.  
 
Continued, next page.  
Generation in the continental U.S.
First generation 446 45.6 46.8 42.2 <.01
Second generation 446 45.6 42.7 53.2
Third generation 54 5.5 6.6 2.7
Behavioral factors
Pre-pregnancy alcohol consumption
None 553 57.3 60.9 47.3 <.0001
0 to 5 drinks per month 172 17.8 18.1 17.1
Over 5 to 12 drinks per month 107 11.1 10.0 14.0
Over 12 drinks per month 134 13.9 11.0 21.7
Early pregnancy alcohol consumption
None 929 94.9 94.7 95.4 0.89
Yes 24 2.5 2.5 2.3
Pre-pregnancy cigarette smoking
None 640 66.3 69.8 56.6  <.0001
≤ 10 cigarettes per day 242 25.1 23.9 28.3
> 10 cigarettes per day 84 8.7 6.4 15.1
Early pregnancy cigarette smoking
None 815 83.3 85.3 77.6 0.01
h
≤ 10 cigarettes per day 124 12.7 10.9 17.5
> 10 cigarettes per day 13 1.3 1.0 2.3
Early pregnancy total physical 
activity (MET-hrs/day)
1
st
 quartile (0.5-19.1) 229 23.4 23.7 22.4 0.54
2
nd
 quartile (19.1-30.6) 229 23.4 23.7 22.4
3
rd
 quartile (30.6-46.1) 229 23.4 24.2 21.3
4
th
 quartile (46.2-233.3) 228 23.3 21.9 27.0
Medical history factors
BMI 
Underweight 45 4.6 4.1 6.1 0.44
Normal 427 43.6 43.7 43.4
Overweight 196 20.0 21.1 17.1
Obese 196 20.0 19.8 20.5
Parity
0 365 37.3 38.1 35.0 0.36
1 267 27.3 28.1 25.1
≥2 230 23.5 22.5 26.2
History of adverse pregnancy 
No 699 71.4 73.2 66.5 0.08
Yes 106 10.8 10.6 11.4
Psychosocial factors
Edinburgh Depression Scale
At least probable minor 
No 678 69.3 81.7 35.4  <.0001
Yes 272 27.8 15.5 61.2
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Table 1.1, continued. 
 
  
 
Probable major depression
e 
No 780 79.7 89.3 53.6  <.0001
Yes 170 17.4 8.0 43.0
Trait Anxiety
1
st
 quartile (20-33) 268 27.4 36.6 2.3  <.0001
2
nd
 quartile (34-40) 233 23.8 29.2 9.1
3
rd
 quartile (41-48) 236 24.1 22.8 27.8
4
th
 quartile (49-76) 216 22.1 8.9 57.8
a
Including the participant as appropriate: if <18 yrs, included as a child; if >18 yrs, included as an adult.
b
Acculturation is measured by the Psychological Acculturation Scale and ranges from 1-5; 
 score <3=low acculturation and ≥3 = high acculturation.
c
First generation: born in Puerto Rico/Dominican Republic (PR/DR) or parent born in PR/DR; 
 Second generation: born in U.S. but parents born in PR/DR; 
 Third generation: born in U.S., parents born in U.S., grandparents born in PR/DR.
dWomen who scored  ≥13 on the Edinburgh Postnatal Depression Scale (EPDS).
eWomen who scored  ≥15 on the Edinburgh Postnatal Depression Scale (EPDS).
f
Numbers may not total to 979 due to missing data.
g
p-values from Chi square tests for categorical variables.
h
p-values from Fishers test if expected cell counts less than 5.
i
Perceived stress is measured by Cohen's Perceived Stress Scale (PSS-14) and ranges from 0-56; 
 score >30=high stress and score ≤30=low stress.
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Table 1.2. Odds Ratios (95% Confidence Intervals) For High Perceived Stress during Early Pregnancy (n=979), Proyecto Buena Salud, 
Western Massachusetts, 2006–2011. 
 
Continued, next page. 
 
 OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Demographic factors
Age (years)
<19 0.5 (0.4, 0.8) 0.5 (0.3, 0.8) 0.5 (0.3, 0.8) 0.6 (0.4, 0.9) 0.6 (0.4, 0.9)
19-23 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent
24-29 1.2 (0.9, 1.8) 1.3 (0.9, 1.9) 1.3 (0.9, 1.9) 1.3 (0.9, 1.9) 1.2 (0.8, 1.8)
≥30 0.7 (0.4, 1.2) 0.8 (0.4, 1.3) 0.8 (0.5, 1.3) 0.8 (0.5, 1.4) 0.7 (0.4, 1.3)
Educational status
Less than high school 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent
High school graduate 0.9 (0.64, 1.25) 0.9 (0.6, 1.3) 0.9 (0.6, 1.3) 0.8 (0.6, 1.2) 0.9 (0.6, 1.2)
Some college/graduate 0.7 (0.4, 1.1 0.7 (0.4, 1.1) 0.7 (0.5, 1.1) 0.6 (0.4, 1.0) 0.7 (0.4, 1.1)
Annual Household Income
<$15,000 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent
>$15,000-$30,000 0.8 (0.5, 1.3) 0.8 (0.5, 1.2) 0.7 (0.5, 1.2) 0.8 (0.5, 1.2) 0.8 (0.5, 1.2)
>$30,000 0.6 (0.3, 1.1) 0.5 (0.2, 1.0) 0.5 (0.2, 1.0) 0.4 (0.2, 0.9) 0.5 (0.2, 1.0)
Don't know/Refused/Missing 1.1 (0.8, 1.6) 1.1 (0.8, 1.6) 1.1 (0.8, 1.6) 1.2 (0.8, 1.7) 1.2 (0.8, 1.7)
Live with spouse/partner
No 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent
Yes 1.1 (0.8, 1.5) 1.1 (0.8, 1.5) 1.1 (0.8, 1.5) 1.2 (0.8, 1.6) 1.2 (0.9, 1.6)
Children (<18 yrs) in household
b
0 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent
1 0.8 (0.6, 1.3) 0.9 (0.6, 1.3) 0.8 (0.6, 1.3) 0.9 (0.6, 1.4) 0.9 (0.6, 1.4)
2 0.8 (0.5, 1.2) 0.8 (0.5, 1.3) 0.8 (0.5, 1.3) 0.8 (0.5, 1.3) 0.8 (0.5, 1.3) 
3+ 0.8 (0.5, 1.3) 0.8 (0.5, 1.4) 0.8 (0.5, 1.4) 0.9 (0.6, 1.5) 0.9 (0.6, 1.5)
Model A Model B Model C Model D Model E
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Table 1.2, continued. 
 
  
Acculturation factors
Language preference for 
English 1.0 referent 1.0 referent 1.0 referent 1.0 referent
Spanish 0.7 (0.5, 1.0) 0.7 (0.5, 1.1) 0.8 (0.5, 1.1) 0.8 (0.5. 1.2)
Generation in the continental U.S.
First generation 1.0 referent 1.0 referent 1.0 referent
Second generation 1.4 (1.0, 1.9) 1.3 (0.9, 1.8) 1.3 (0.9, 1.8)
Third generation 0.4 (0.2, 1.0) 0.4 (0.2, 1.0) 0.4 (0.2, 1.1)
Behavioral factors
Pre-pregnancy alcohol consumption
None 1.0 referent 1.0 referent
0 to 5 drinks per month 1.2 (0.8, 1.9) 1.2 (0.8, 1.8)
Over 5 to 12 drinks per month 1.8 (1.1, 2.9) 1.7 (1.1, 2.8)
Over 12 drinks per month 2.4 (1.6, 3.6) 2.2 (1.4, 3.5)
Pre-pregnancy cigarette smoking
None 1.0 referent
≤ 10 cigarettes per day 1.0 (0.7, 1.5)
> 10 cigarettes per day 2.2 (1.3, 3.7)
c-statistic 0.6 0.6 0.6 0.7 0.7
Odds ratios (OR)s and 95% Confidence Intervals (CI)s calculated from multivariable logistic regression models.
Each variable was adjusted for all other variables in the model.
Model A - age, education, income, living with spouse/partner, number of children in the household.
Model B - Model A + language preference for speaking/reading.
Model C - Model B + generation in the U.S.
Model D - Model C + pre-pregnancy alcohol consumption.
Model E - Model D + pre-pregnancy cigarette smoking.
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Table 1.3. Odds Ratios (95% Confidence Intervals) For High Perceived Stress during Mid-
pregnancy, (n=792), Proyecto Buena Salud, Western Massachusetts, 2006–2011. 
 
  
 OR 95% CI OR 95% CI OR 95% CI
Demographic factors
Age (years)
<19 0.7 (0.4, 1.1) 0.7 (0.4, 1.1) 0.7 (0.4, 1.1)
19-23 1.0 referent 1.0 referent 1.0 referent
24-29 0.7 (0.4, 1.1) 0.8 (0.5, 1.2) 0.8 (0.5, 1.3)
≥30 0.9 (0.5, 1.6) 1.0 (0.6, 1.9) 1.2 (0.6, 2.1)
Educational status
Less than high school 1.0 referent 1.0 referent 1.0 referent
High school graduate 0.9 (0.6, 1.4) 0.9 (0.6, 1.4) 1.0 (0.7, 1.4)
Some college/graduate 0.6 (0.4, 1.1) 0.6 (0.4, 1.0) 0.6 (0.4, 1.1)
Annual Household Income
<$15,000 1.0 referent 1.0 referent 1.0 referent
>$15,000-$30,000 0.4 (0.2, 0.8) 0.4 (0.2, 0.8) 0.4 (0.2, 0.7)
>$30,000 0.4 (0.2, 1.1) 0.4 (0.2, 1.0) 0.4 (0.1, 0.9)
Don't know/Refused/Missing 0.7 (0.5, 1.0) 0.6 (0.4, 1.0) 0.7 (0.5, 1.0)
Live with spouse/partner
No 1.0 referent 1.0 referent 1.0 referent
Yes 0.9 (0.6, 1.3) 0.8 (0.6, 1.2) 0.8 (0.6, 1.3)
Children (<18 yrs) in household
b
0 1.0 referent 1.0 referent 1.0 referent
1 0.8 (0.5, 1.2) 0.8 (0.5, 1.2) 0.8 (0.5, 1.3)
2 0.8 (0.5, 1.3) 0.8 (0.5, 1.3) 0.8 (0.5, 1.3)
3+ 1.3 (0.7, 2.2) 1.2 (0.7, 2.1) 1.3 (0.7, 2.2)
Adults (>18 yrs) in household
b
1 1.0 referent 1.0 referent
2 1.2 (0.7, 1.9) 1.1 (0.7, 1.9)
≥3 1.8 (1.1, 3.0) 1.8 (1.1, 3.0)
Acculturation factors
Language preference for 
English 1.0 referent
Spanish 0.6 (0.4, 0.9)
c-statistic 0.6 0.7 0.7
Odds ratios (OR)s and 95% Confidence Intervals (CI)s calculated from multivariable logistic regression models.
Each variable was adjusted for all other variables in the model.
Model A - age, education, income, living with spouse/partner, and number of children in the household.
Model B - Model A + number of adults in the household.
Model C - Model B + language preference for speaking/reading.
Model A Model B Model C
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Table 1.4. Odds Ratios (95% Confidence Intervals) For High Perceived Stress during Late 
Pregnancy, (n=751), Proyecto Buena Salud, Western Massachusetts, 2006–2011. 
 
 OR 95% CI OR 95% CI
Demographic factors
Age (years)
<19 0.6 (0.3, 1.0) 0.6 (0.3, 1.1)
19-23 1.0 referent 1.0 referent
24-29 1.2 (0.8, 2.0) 1.2 (0.8, 2.0)
≥30 0.5 (0.2, 1.2) 0.5 (0.2, 1.2)
Educational status
Less than high school 1.0 referent 1.0 referent
High school graduate 0.9 (0.6, 1.4) 0.9 (0.6, 1.4)
Some college/graduate 0.5 (0.3, 1.0) 0.5 (0.3, 1.0)
Annual Household Income
<$15,000 1.0 referent 1.0 referent
>$15,000-$30,000 0.4 (0.2, 0.8) 0.3 (0.2, 0.7)
>$30,000 1.0 (0.4, 2.3) 0.9 (0.4, 2.2)
Don't know/Refused/Missing 0.8 (0.5, 1.2) 0.8 (0.5, 1.2)
Live with spouse/partner
No 1.0 referent 1.0 referent
Yes 0.8 (0.5, 1.2) 0.8 (0.5, 1.1)
Children (<18 yrs) in household
b
0 1.0 referent 1.0 referent
1 0.8 (0.5, 1.4) 0.8 (0.5, 1.5)
2 0.6 (0.3, 1.2) 0.6 (0.3, 1.2)
3+ 1.0 (0.5, 1.9) 1.1 (0.5, 2.1)
Acculturation factors
Generation in the continental U.S.
First generation 1.0 referent
Second generation 1.2 (0.8, 1.8)
Third generation 0.3 (0.1, 1.2)
c-statistic 0.6 0.7
Odds ratios (OR)s and 95% Confidence Intervals (CI)s calculated from 
 multivariable logistic regression models.
Each variable was adjusted for all other variables in the model.
Model A - age, education, income, living with spouse/partner, and number of 
 children in the household.
Model B - Model A + generation in the U.S.
Model A Model B
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Table 1.5. Adjusted Odds Of Reporting High Perceived Stress Using Generalized Linear Mixed Effects Regression, Proyecto Buena 
Salud, Western Massachusetts, 2006–2011. 
 
Continued, next page.  
 OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Demographic factors
Age (years)
<19 0.6 (0.4, 0.9) 0.6 (0.4, 0.9) 0.7 (0.5, 0.9) 0.7 (0.5, 1.0)
19-23 1.0 referent 1.0 referent 1.0 referent 1.0 referent
24-29 1.1 (0.8, 1.5) 1.2 (0.8, 1.6) 1.1 (0.8, 1.6) 1.1 (0.8, 1.5)
≥30 0.8 (0.5, 1.2) 0.8 (0.5, 1.3) 0.8 (0.5, 1.3) 0.8 (0.5, 1.2)
Educational status
Less than high school 1.0 referent 1.0 referent 1.0 referent 1.0 referent
High school graduate 0.9 (0.7, 1.2) 0.9 (0.7, 1.2) 0.9 (0.7, 1.2) 1.0 (0.7, 1.3)
Some college/graduate 0.7 (0.5, 0.9) 0.7 (0.5, 1.0) 0.7 (0.5, 1.0) 0.7 (0.5, 1.1)
Annual Household Income
<$15,000 1.0 referent 1.0 referent 1.0 referent 1.0 referent
>$15,000-$30,000 0.5 (0.4, 0.8) 0.5 (0.3, 0.8) 0.5 (0.3, 0.8) 0.5 (0.3, 0.8)
>$30,000 0.6 (0.3, 1.0) 0.5 (0.3, 0.9) 0.5 (0.3, 1.0) 0.6 (0.3, 1.0)
Don't know/Refused/Missing 0.9 (0.7, 1.1) 0.9 (0.6, 1.1) 0.9 (0.7, 1.2) 0.9 (0.7, 1.2)
Live with spouse/partner
No 1.0 referent 1.0 referent 1.0 referent 1.0 referent
Yes 0.9 (0.7, 1.2) 0.9 (0.7, 1.2) 0.9 (0.7, 1.2) 0.9 (0.7, 1.2)
Children (<18 yrs) in household
b
0 1.0 referent 1.0 referent 1.0 referent 1.0 referent
1 0.8 (0.6, 1.1) 0.8 (0.5, 1.1) 0.8 (0.6, 1.1) 0.8 (0.6, 1.2)
2 0.7 (0.5, 1.0) 0.7 (0.5, 1.1) 0.8 (0.5, 1.1) 0.8 (0.5, 1.1)
3+ 1.0 (0.7, 1.4) 1.0 (0.6, 1.4) 1.0 (0.7, 1.5) 1.0 (0.7, 1.5)
Model A Model B Model C Model D
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Table 1.5, continued. 
Stage of pregnancy
Early 1.0 referent 1.0 referent 1.0 referent 1.0 referent
Mid 0.8 (0.6, 1.0) 0.8 (0.6, 1.0) 0.8 (0.6, 1.0) 0.8 (0.6, 1.0)
Late 0.5 (0.4, 0.7) 0.5 (0.4, 0.6) 0.5 (0.4, 0.7) 0.5 (0.4, 0.7)
Acculturation factors
Generation in the continental U.S.
First generation 1.0 referent 1.0 referent 1.0 referent
Second generation 1.4 (1.1, 1.8) 1.3 (1.0, 1.7) 1.3 (1.0, 1.7)
Third generation 0.5 (0.3, 1.0) 0.5 (0.3, 1.0) 0.5 (0.3, 1.0)
Behavioral factors
Pre-pregnancy alcohol consumption
None 1.0 referent 1.0 referent
0 to 5 drinks per month 1.0 (0.7, 1.5) 1.0 (0.7, 1.4)
Over 5 to 12 drinks per month 1.4 (0.9, 2.1) 1.3 (0.9, 2.0)
Over 12 drinks per month 1.7 (1.2, 2.5) 1.6 (1.1, 2.4)
Pre-pregnancy cigarette smoking
None 1.0 referent
≤ 10 cigarettes per day 1.1 (0.8, 1.5)
> 10 cigarettes per day 1.9 (1.2, 2.9)
Odds ratios (OR)s and 95% Confidence Intervals (CI)s calculated from generalized linear mixed effects regression models.
Each variable was adjusted for all other variables in the model.
Model A - age, education, income, living with spouse/partner, number of children in the household, and stage of pregnancy.
Model B - Model A + generation in the U.S.
Model C - Model B + pre-pregnancy alcohol consumption.
Model D - Model C + pre-pregnancy cigarette smoking.
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CHAPTER 2  
PERCEIVED PSYCHOSOCIAL STRESS AND GLUCOSE INTOLERANCE AMONG 
PREGNANT HISPANIC WOMEN 
Introduction: Public Health Impact 
Gestational diabetes (GDM), defined as glucose intolerance with first onset during 
pregnancy, is an increasingly common complication of pregnancy that differentially affects racial 
and ethnic minorities (80). GDM is found in approximately 2-14% of pregnancies, depending on 
the population studied and the diagnostic test employed (81, 82). More recently, milder degrees 
of glucose intolerance even below the commonly accepted threshold for GDM have been found to 
adversely affect maternal and fetal health. The hyperglycemia and adverse pregnancy outcome 
(HAPO) study, a multicenter prospective study, demonstrated a consistent, linear correlation 
between maternal blood glucose levels and adverse maternal, perinatal and neonatal outcomes, 
even at levels below the current commonly accepted range for a diagnosis of GDM (83, 84). 
Exposure to abnormal glucose levels during pregnancy may be associated with a number of 
pregnancy-related complications, including hypertensive disorders of pregnancy, preterm 
delivery, risk of stillbirth, and increased rates of caesarean deliveries (85). Additionally, among 
pregnancies complicated by GDM, there are increased risks for hyperbilirubinemia, excess fetal 
growth, increased insulin resistance, and impaired insulin secretion, which in turn could result in 
shoulder dystocia and infant hypoglycemia in the short term (85, 86). In the long term, GDM-
related metabolic complications in the offspring may be associated with impaired glucose 
tolerance, future diabetes, obesity and metabolic syndrome during early youth and adolescence 
(86-88).  
The population level impact of glucose intolerance during pregnancy is not restricted to 
the offspring, but also affects subsequent maternal health (89). Findings from a recent meta-
analysis show that GDM increases the risk for future diabetes (90) and approximately one-third of 
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cases of type 2 diabetes (T2DM) have been previously diagnosed with GDM (91). Women with 
GDM have a 17–63% greater risk of T2DM and obesity, with a rapid progression to diabetes 
within the first 5 years after delivery (92-94). Diabetes and obesity have reached epidemic 
proportions in the United States and worldwide, with rates consistently higher in Hispanic than 
non-Hispanic White women (95, 96). Women with a history of glucose intolerance during 
pregnancy represent a high risk population for diabetes. As diabetes rates among Hispanics 
continue to grow, public health interventions that increase awareness of risk factors and decrease 
risk and prevent diabetes or delay its onset are crucial (97). 
The risk of glucose intolerance in pregnancy varies by ethnic origin. Hispanic women 
have a 2-4 times higher risk of developing GDM compared with non-Hispanic White women 
(98). This is important as Hispanics are the largest minority group in the United States, with the 
highest birth and immigration rates of any minority group (35). It is estimated that by 2050 
Hispanic women will comprise 24% of the female population in the United States (99). Studies 
addressing modifiable risk factors for glucose intolerance in pregnant Hispanic women are sparse. 
Currently recognized risk factors for GDM include increasing maternal age, obesity, ethnic 
origin, family history of diabetes, GDM in a first degree relative, and a previous history of GDM 
(85, 100, 101). These risk factors are absent in up to half of affected women (85, 102-104). 
Psychosocial factors such as stress have been associated with increased risk of glucose 
abnormalities among the non-pregnant population (105-108). Given the rising prevalence of 
glucose abnormalities during pregnancy, recognizing modifiable risk factors such as psychosocial 
stress is crucial for the prevention of glucose intolerance and its sequelae. 
 Psychosocial stress may contribute to the risk of glucose intolerance directly via the 
hypothalamic-pituitary-adrenal axis (HPA) (109-111) by raising the blood concentrations of 
counter regulatory hormones which inhibit insulin secretion and increase blood glucose level. 
Additionally, stress is likely to further exacerbate the insulin resistance associated with later 
pregnancy resulting in increased risk of glucose intolerance. Stress may also impact glucose 
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tolerance through an indirect effect by negatively impacting diet and body fat distribution, and 
increasing cigarette smoking (112-115). 
To our knowledge, only one prior study has examined the association between stressful 
events and GDM among pregnant women (116). Their findings show that experiencing five or 
more stressful events immediately prior to or during pregnancy was an independent risk factor for 
GDM. However, the cross-sectional study design limits the establishment of a temporal 
relationship between stress and GDM. Moreover, a potential recall bias could have occurred as 
stressful events were assessed after the outcome occurred. Although literature assessing the 
relation between stress and glucose intolerance during pregnancy is sparse, prior studies have 
examined the association between psychosocial stress and T2DM (105-108, 117). Results are 
equivocal but suggest a positive association between various psychosocial factors such as 
psychological stress, work-related stress, general emotional stress and anxiety, stressful events, 
and life stress and the risk of diabetes.  
Therefore, our objective was to examine the association between psychosocial stress 
during pregnancy and glucose intolerance in a cohort of prenatal care patients of Puerto Rican 
and Dominican descent at a large tertiary care facility in Western Massachusetts. 
 
Physiologic Mechanisms 
Insulin resistance is a condition where the body is unable to utilize insulin, despite 
normal production. Physiologically, the response to insulin resistance is in the form of increased 
insulin secretion by the pancreatic β cells (118). Normal pregnancy is characterized by an 
impaired response to insulin. Pregnant women who go on to develop GDM are unable to increase 
insulin production to compensate for this increased insulin resistance (89, 119). Thus, insulin 
resistance and inadequate insulin secretion play a key role in the pathophysiology of glucose 
intolerance, although the exact mechanism remains unclear (120, 121). The physiological 
mechanism for the association between psychosocial stress and abnormalities in maternal glucose 
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tolerance could be explained by two possible pathways. These include 1) a direct effect of stress 
through the HPA, and 2) an indirect effect through negatively impacting diet and body fat 
distribution, and increasing cigarette smoking. 
In response to stress (109, 122-125), increased HPA activity raises the blood 
concentrations of counter regulatory hormones such as catecholamines and cortisol, which inhibit 
insulin secretion and increase blood glucose levels (110, 111). Cortisol increases lipolysis, 
reduces insulin-mediated glucose uptake, and may increase hepatic gluconeogenesis by 
accentuating the influx of glycerol precursors (126). The link between elevated concentrations of 
cortisol and insulin resistance has been well established (127). During normal pregnancy, the 
plasma concentration of cortisol generally increases about 2-fold (128), and pregnant women are 
believed to be unable to adapt to the increased insulin resistance of late pregnancy, particularly 
during the third trimester (121). Psychosocial stress is likely to further increase circulating 
cortisol concentrations and exacerbate the insulin resistance associated with later pregnancy 
resulting in increased risk of glucose intolerance. The effects of elevated cortisol on lipolysis, 
gluconeogenesis, and insulin resistance are likely to be expressed over time; thus increased 
cortisol concentrations in early-mid pregnancy will result in a higher risk for glucose intolerance 
later in pregnancy. 
In addition to the direct effects of stress, dietary patterns and body fat distribution may 
act as mediating variables between psychosocial stress and maternal glucose intolerance. 
Psychosocial stress may indirectly increase GDM risk through: 1) excessive energy storage (high 
energy intake and/or low energy expenditure) (112) or 2) a shift to a less healthy dietary 
composition (113-115). Stress and depression have been found to be negatively associated with 
eating habits and overall dietary quality during pregnancy (113), which may in turn affect the risk 
of glucose abnormalities (114). An energy surplus has potent effects to reduce insulin sensitivity. 
Additionally, diets high in glycemic index (GI) or glycemic load (GL) induce a substantial blood 
glucose response, which in turn can increase insulin secretion causing hyperinsulinemia (115, 
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129-131). Therefore, diets with a high GI/GL are likely to lead to a chronic high demand for 
insulin, which may be exacerbated by the insulin resistance of pregnancy, and lead to glucose 
intolerance. Diets high in fiber can delay stomach emptying and tend to lower the glycemic index 
and reduce insulin demand. In some clinical studies, a beneficial effect of a high-fiber diet on 
insulin demand in participants with T2DM has been suggested (112, 132-137). Finally, a high 
intake of saturated fats may increase lipid storage in visceral sites, increase skeletal muscle lipid 
accumulation, or influence insulin action via another mechanism. Several studies have examined 
diet before and/or during pregnancy in association with the risk of GDM (115, 138-147). Their 
findings showed that higher intake of fat, lower intake of carbohydrates and a dietary glycemic 
load may be associated with increased risk of GDM and impaired glucose tolerance (142, 148). 
Conversely, pre-pregnancy consumption of dietary fiber (i.e., total, cereal, and fruit fiber) was 
found to be inversely associated with GDM risk (139). In addition, with regards to eating 
patterns, increased consumption of fruits and vegetables, higher intakes of fiber and lower 
consumption of energy-dense snack foods, saturated fatty acids (SFA) and the ratio of 
polyunsaturated fatty acids to SAF (P:S) was found to be associated with a decreased risk of 
abnormal glucose tolerance among pregnant Hispanic women (149).    
Psychosocial stress may indirectly increase GDM risk through negatively impacting body 
fat distribution. In addition to the acute impact of the up regulated HPA on glucose and insulin 
metabolism, frequent activation of the HPA has been associated with increased waist-hip ratio 
(WHR) and waist circumference (strong indicators of visceral adiposity) which play important 
roles in diabetes etiology by contributing to the development of insulin resistance (150, 151). 
However, prior epidemiologic studies have not evaluated the role of body fat distribution as a 
physiologic mediator between psychosocial stress and GDM. Psychosocial stress may also be 
indirectly associated with increased GDM risk through increased smoking rates. In a large sample 
drawn from the 1988 National Maternal and Infant Health Survey, the National Center for Health 
Statistics (152) found that women who were depressed or who did not have a positive attitude 
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toward pregnancy were more likely to use tobacco before and after knowing they were pregnant. 
A large study of 1,014 primarily poor and largely Black and Hispanic women (153) found that 
depressive symptoms were significantly associated with increased life stress and the use of 
cigarettes. Non-smokers have also been observed to have healthier diets as compared to smokers 
who tend to have higher intakes of fatty foods and lower intakes of fruits and vegetables (154). In 
the Healthy Pregnancy, Healthy Baby Study, a prospective cohort study among pregnant women, 
higher levels of perceived stress, depression, neuroticism, negative paternal support, and 
perceived racism among non-Hispanic Blacks were associated with higher odds of being a 
smoker than a non-smoker (155). However, findings have been inconsistent regarding the 
association between smoking and GDM (116, 156). In an analysis using data from the New York 
State Pregnancy Risk Assessment Monitoring System survey for 2004–06, the authors found no 
significant association between smoking exposure and GDM, and no dose–response pattern 
(116). Two US-based cohort studies (157, 158) and a Scandinavian cohort study (159) found a 
positive association between cigarette smoking during pregnancy and the risk of GDM, but other 
studies conducted in the United States (160, 161) and Sweden (162) did not. 
To summarize, there is biologic evidence to support the pathophysiological hypothesis 
that psychosocial stress in early to mid- pregnancy increases the risk of glucose intolerance, 
through direct as well as indirect mechanisms.  
 
Epidemiological Research  
Epidemiological studies evaluating the association between stress and glucose intolerance 
during pregnancy are sparse. To our knowledge, only one study has examined the effect of 
stressful life events and the risk of GDM. However, several reviews have examined evidence for 
the association between various psychosocial factors and risk of T2DM. These psychosocial 
factors have included psychological stress, work-related stress, general emotional stress and 
anxiety, life events, and life stress (105-108, 117).   
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In the only study to examine this association during pregnancy, Hosler et al. used data 
from the New York State Pregnancy Risk Assessment Monitoring System (PRAMS) 2004-06. 
The authors examined the association between stressful events and GDM among a population-
based sample of 2,854 pregnant women who had recently given birth to a live-born infant (116). 
Women received a mailed standardized confidential questionnaire 2 to 6 months post-partum, and 
a telephone contact was attempted if there was no response to at least two additional mailings. 
Stressful events were measured using the PRAMS questionnaire, which asked about the presence 
or absence of 13 stressful events that may have happened during the 12 months before the baby 
was born. These events included relocation, financial difficulty, illness and death of someone 
close, legal troubles and worsened relationship with a spouse/partner. The outcome GDM was 
identified if women answered yes to the GDM question on the PRAMS survey or a GDM 
diagnosis was indicated on the birth certificate.  
The total number of stressful events was not significantly associated with GDM in the 
bivariate (unadjusted) analyses. However, having five or more stressful events during the year 
before the baby was born was significantly and positively associated with GDM (odds ratio 
(OR)=2.5, 95% confidence interval (CI): 1.5-4.2), after controlling for maternal age, 
race/ethnicity, pre-pregnancy BMI, blood pressure, smoking exposure, education, parity and 
gestational age of first prenatal care. In this cross-sectional study among women of diverse 
racial/ethnic origin and socioeconomic backgrounds, experiencing stressful events was found to 
be an independent risk factor for GDM. 
Several limitations of this study include: 1) The PRAMS inventory of stressful events 
assessed the presence or absence of 13 stressful events. Objective measures such as life events 
focus on specific events and may not account for all life events that pregnant women are exposed 
to. The questionnaire lacked information on specific timing, frequency and intensity of the 
stressors during pregnancy. More importantly, objective measures do not take into account 
appraisal of stress, which may be more relevant to the overall stress experienced by a pregnant 
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women rather than any one particular stressful event. 2) Secondly, information on stressful events 
was collected during the post-partum period after the outcome GDM occurred, which could have 
led to a potential recall bias if women who reported GDM recalled the occurrence of stressful 
events more clearly than those without GDM. 3) Thirdly, the study lacked information on other 
known risk factors for GDM, such as family history of diabetes, previous history of GDM, and 
protective factors for GDM such as physical activity during pregnancy. Missing information on 
these factors could have led to residual confounding. 4) The study did not assess the effect of 
stress on milder degrees of glucose intolerance during pregnancy. It is likely that psychosocial 
stress may be associated with glucose intolerance at glucose levels below the accepted standard 
for GDM. 5) The cross-sectional study design precluded the establishment of temporality of the 
association between stress and GDM. As data on both exposure and outcome were collected at 
the same time, a causal inference cannot be ascertained. Indeed, prior studies have found an 
increased risk of stress, anxiety, and depression with diagnosis of GDM (163, 164) 6) Lastly, 
PRAMS respondents were more likely to be college-educated, non-Hispanic White and older 
compared with the non-respondents. To the extent that the mechanisms responsible for the 
association between stress and GDM vary by age, ethnic origin and socioeconomic status, 
findings of a positive association between stressful events and GDM may not be generalizable to 
populations belonging to ethnic/racial minorities and lower socioeconomic status. 
Several reviews have evaluated the role of adverse psychosocial factors on the risk of 
T2DM (105-108, 117). Studies have found a consistent positive association between stress and 
poor metabolic control among those with diabetes, but findings were inconclusive for incident 
diabetes (107, 117). A recent review conducted by Pouwer et al. in 2010, provided an overview of 
5 prospective epidemiological studies that found a positive association between different forms of 
emotional stress and the risk of incident T2DM (106). The effect of general emotional stress on 
the risk of diabetes was stronger among men, and suggestive among women (165-168). Estimates 
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ranged from a one-fold to a three-fold increase in the risk of diabetes for those with high 
perceived mental stress and hostility.  
A meta-analysis conducted by Chida et al. in 2008 reviewed 6 prospective cohort studies 
that examined the association between adverse psychosocial factors and incident diabetes mellitus 
(107). In general, the results showed no association between adverse psychosocial factors and the 
incidence of T2DM (hazard ratio (HR)=1.0, 95% CI: 0.9-1.1). These findings need to be 
interpreted with caution due to the limited number of studies assessed and future research is 
warranted.  
Cosgrove et al. in 2012 evaluated the association between work-related psychosocial 
stress and T2DM among 9 studies (four prospective, one case-control, and four cross-sectional) 
conducted among adults in community or occupational settings (105). Results from this 
systematic review, however, did not provide evidence that work-related stress in the form of high 
demands (relative risk (RR)=1.0, 95% CI: 0.8-1.1), poor decision latitude (RR=1.0, 95% CI: 0.9-
1.2), poor social support (RR=1.0, 95% CI: 0.9-1.2), job strain (RR=1.1, 95% CI: 0.8-1.3), or 
long working hours (RR=0.8, 95% CI: 0.1-1.7) were associated with an increased risk of T2DM. 
In summary, the one study to evaluate the association between stressful events and GDM 
found a significant 2.5-fold increased risk (116). Additionally, several reviews have been 
suggestive of a positive association between stress and the risk of T2DM (105-108, 117). 
Specifically, cross-sectional studies have observed stronger positive associations between 
psychosocial stress and the prevalence of diabetes (106, 108); while findings from prospective 
studies were more ambiguous with evidence suggestive of a positive association (105, 107). 
Finally, no studies were conducted among pregnant Hispanic women.  
Therefore, there exists an important research gap in the identification of modifiable risk 
factors such as psychosocial stress for glucose intolerance among pregnant Hispanic women, an 
understudied population with increased risk for GDM and its adverse outcomes during 
pregnancy. 
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Summary 
GDM and milder glucose disturbances during pregnancy affect a substantial proportion 
of pregnant women and in the short term are associated with an increased risk for adverse 
perinatal complications. Long term effects may include increased risk for future T2DM in the 
mother as well as increased risk of diabetes and obesity in children. Racial/ethnic minorities such 
as Hispanic women are differentially affected by GDM. This is important as Hispanics represent 
a growing segment of the U.S. population, with the highest birth rates of any minority group. 
Literature on modifiable risk factors for glucose intolerance among pregnant Hispanic 
women is sparse. Biologic evidence suggests that psychosocial stress may play a role in the 
development of glucose intolerance during pregnancy. Insulin resistance and inadequate insulin 
secretion play a key role in the pathophysiology of GDM, although the exact mechanism remains 
unclear. Stress may directly impact glucose levels via the HPA, as well as via an indirect effect 
through negatively impacting diet and body fat distribution, and increasing cigarette smoking. 
Epidemiologic evidence regarding the association between psychosocial factors and 
glucose intolerance during pregnancy is limited. However, several reviews suggest that high 
levels of psychosocial stress are associated with an increased risk of T2DM.  
The proposed study evaluated the relationship between perceived psychosocial stress 
during pregnancy and glucose intolerance in a cohort of Hispanic prenatal care patients. We 
extended the literature by prospectively evaluating the relationship between stress and GDM as 
well as milder degrees of glucose intolerance. We used the 14-item version of Cohen’s Perceived 
Stress Scale (PSS-14) for measurement of perceived stress, which measures stress appraisal and 
may provide a more direct measure of stress experience among pregnant women. We addressed 
an important research gap by evaluating the association between stress and glucose intolerance 
among a population of pregnant Hispanic women, an understudied population at high risk for 
GDM and future diabetes.       
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Specific Aims and Hypotheses 
Specific Aim: Examine the association between perceived psychosocial stress in early 
and mid-pregnancy and glucose intolerance in a population of pregnant Hispanic women. 
Hypothesis: High levels of perceived psychosocial stress in early and mid-pregnancy will 
be associated with an increased risk of glucose intolerance in later stages of pregnancy.  
 
Methods 
Study Design and Study Population 
We used data from Proyecto Buena Salud, a prospective study of prenatal care patients of 
Puerto Rican and Dominican descent in Western Massachusetts. The study was conducted from 
2006 to 2011 in the ambulatory obstetrical practices of Baystate Medical Center, an integrated 
health system in Western Massachusetts. Details of the study have been presented elsewhere (37). 
Briefly, the overall goal of Proyecto Buena Salud was to examine the relationship between 
physical activity, psychosocial stress, and risk of GDM in Hispanic women of Caribbean Island 
heritage. Bilingual interviewers recruited patients at prenatal care visits early in pregnancy (up to 
20 weeks gestation), informed them of the aims and procedures of the study and obtained written 
informed consent. This study was approved by the Institutional Review Boards of the University 
of Massachusetts-Amherst and Baystate Health. 
At the time of enrollment (mean=12.4 weeks gestation), bilingual interviewers collected 
information on socio-demographic, acculturation, behavioral, and psychosocial factors. 
Information on behavioral and psychosocial factors was updated in mid (mean=21.3 weeks 
gestation) and late (mean=30.8 weeks gestation) pregnancy. Interviews were conducted in 
Spanish or English (based on patient preference) in order to eliminate potential language or 
literacy barriers.  
Eligibility 
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Eligibility was restricted to women of Puerto Rican or Dominican Republic (PR/DR) 
heritage. Exclusion criteria included: 1) current medications which adversely influence glucose 
tolerance, 2) multiple gestation, 3) history of diagnosis of diabetes, hypertension, heart disease or 
chronic renal disease, and 4) less than 16 years of age or over 40 years of age.  
A total of 1,626 prenatal care patients were enrolled in Proyecto Buena Salud. For the 
current analysis, we excluded 68 participants who experienced a miscarriage, 142 participants 
who did not deliver at Baystate, and 108 participants who did not have a GDM screen. From the 
total above, information on perceived stress during early and mid-pregnancy was available for a 
final total of 1,115 participants. Early pregnancy stress data was available for 833 (75%) 
participants, and information on mid-pregnancy stress was available for 760 (68%) participants. 
Reasons for missing information included inability to locate women at the clinic or over the 
telephone (e.g., due to disconnected telephone) and preterm delivery. 
 
Exposure Assessment 
Perceived Psychosocial Stress 
 Perceived stress was measured at each interview using the 14-item version of Cohen’s 
Perceived Stress Scale, a validated and widely used measure. Trained bilingual interviewers 
conducted interviews in Spanish or English based on patient preference to minimize potential 
language or literacy barriers. The Perceived Stress Scale was designed to address the stress level 
experienced by an individual as a function of objective stressful events, coping processes, 
personality factors, etc. and to measure the degree to which respondents find their lives 
unpredictable, uncontrollable and overloading (25). Questions include aspects of stress appraisal 
such as “How often have you felt nervous and stressed?” as well as coping abilities such as “How 
often have you felt that you could not cope with all the things that you had to do?” Each item was 
rated on a 5-point scale ranging from never (0) to almost always (4). Positively worded items 
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were reverse scored, and the ratings were summed. Scores ranged from 0 to 56, with higher 
scores indicating more perceived stress. Stress during early and mid-pregnancy was analyzed as a 
continuous score as well as in quartiles. In addition, we analyzed the effect of patterns of stress 
during pregnancy as a categorical variable (no change, decrease or increase in stress from early to 
mid-pregnancy) and as a continuous change score. 
Validity of Exposure Assessment 
Internal consistency of the PSS as assessed by Cronbach’s alpha was 0.84-0.86 in three 
samples tested by Cohen et al (25) and 0.78 in a general population study (64, 65). Test-retest 
reliability ranged from 0.55 over six weeks to 0.85 over two days. PSS scores have been observed 
to correlate with other measures of stress, including average weekly stress (r=0.36) and number 
of life events (r=0.30), indicating the scale’s construct validity (34). Correlations were also 
observed with indices of depressive symptomatology (0.65 and 0.76), but the PSS was found to 
measure a different, independent construct (25). The European Spanish version of the PSS-14 has 
demonstrated moderate reliability (internal consistency, alpha=0.81, and test-retest, r=0.73), 
concurrent validity indicated by the correlation between PSS and other instruments that measure 
similar constructs including distress (r=0.71) and anxiety measures (r=0.66), and sensitivity to 
detect populations under different levels of stress (variations in stress levels for subgroups of 
population) (65).  
 
Outcome Assessment 
Glucose abnormalities 
Our outcomes of interest included 1) abnormal glucose tolerance (AGT), 2) impaired 
glucose tolerance (IGT), and 3) GDM, based on the degree of abnormality on glucose tolerance 
testing during pregnancy. Baystate Obstetrical Practices routinely screen all prenatal care patients 
for GDM between 24 and 28 weeks of gestation using the 50 g, 1-hour oral glucose tolerance test 
(OGTT). Those with 1-hour plasma glucose levels >135mg/dL from this test were considered at 
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increased risk for GDM and underwent the diagnostic 3-hour OGTT. Women with plasma 
glucose levels >135mg/dL for the 50 g, 1-hour OGTT were considered to have failed the 
screening and were classified as AGT. Those who failed the screening 50 g, 1-hour OGTT and 
exceeded ≥1 cut points on the diagnostic 100 g 3-hour OGTT were classified as IGT. Women 
were classified as having a pregnancy complicated by GDM if two or more of the following 
plasma glucose concentrations obtained during the 100 g, 3-hour OGTT were abnormal according 
to American Diabetes Association criteria: fasting, 95mg/dL; 1-hour, 180mg/dL; 2-hour, 
155mg/dL; 3-hour, 140mg/dL (169, 170). A total of 32 participants had two GDM screens. We 
used the results from the earlier screen for these participants. All outcome variables were 
categorized as dichotomous variables (yes vs. no). In addition, an ordinal variable was created as 
no abnormality, AGT, IGT, and GDM, based on the degree of glucose abnormality in pregnancy. 
Finally, we also evaluated the screen glucose value as a continuous outcome.   
Validity of Outcome Assessment 
All tests were carried out using standardized protocol with appropriate quality control 
techniques. Proyecto Buena Salud used standard definitions to identify abnormalities in glucose 
tolerance during pregnancy, as defined by the American Diabetes Association (170), and all 
diagnoses of GDM were confirmed by the study obstetrician, who reviewed the medical records 
of each suspected case. 
 
Covariate Assessment 
Socio-demographic Factors 
At the time of enrollment, interviewers collected information on age, education, annual 
household income, marital status, living situation (i.e., with a partner/spouse), and number of 
children (under 18 years) and adults in the household. Age was categorized as less than 19, 19-23, 
24-29, and 30 years and above. Educational status was categorized as less than high school, high 
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school graduate, and some college/graduate. Annual household income was categorized as 
$15,000 or less, over $15,000-$30,000, $30,000 and above, and don’t know/refused/missing. 
Marital status was categorized as single/divorced/separated/widowed and married.  
Acculturation Factors 
At the time of enrollment, interviewers administered the 10-item Psychological 
Acculturation Scale (PAS) (48) which measures an individual’s sense of psychological 
attachment to and belonging within Anglo-American and Latino/Hispanic cultures. Item 
responses are scored on a 5-point Likert scale ranging from 1 (only Hispanic/Latino) to 5 (only 
Anglo/American). Scores <3 were defined as low acculturation and scores ≥3 as high 
acculturation. As proxies of acculturation, interviewers also collected information on language 
preference for speaking/reading (English, Spanish) and generation in the Continental U.S.  
Behavioral Factors 
Behavioral factors were assessed at each interview using questions designed by the 
PRAMS, a surveillance project of the Centers for Disease Control and Prevention and included 
pre- and early pregnancy alcohol consumption and cigarette smoking (49). Pre-pregnancy alcohol 
consumption was categorized as none, 0 to 5, over 5 to 12, and over 12 drinks per month. Early 
pregnancy alcohol consumption was categorized as none or yes. Pre- and early pregnancy 
cigarette smoking was categorized as none, ≤ 10 cigarettes, and over 10 cigarettes per day.  
Physical activity during pre-pregnancy (1 year before the pregnancy) and pregnancy was 
evaluated at each interview using a modified version of the Pregnancy Physical Activity 
Questionnaire (PPAQ). The PPAQ is a semi-quantitative questionnaire that evaluates 
participation in four domains of activities: household/caregiving, occupational, sports/exercise, 
and transportation (50). The duration of time spent on each activity was summed and multiplied 
by its intensity as defined by the Compendium of Physical Activities for each activity domain 
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(i.e., household/caregiving, occupational, sports/exercise, transportation), and intensity (i.e., 
sedentary (<1.5 METs), light (1.5-2.9 METs), moderate (3-5.9 METs) or vigorous (≥6 METs)), 
as well as for total physical activity (total MET hrs./week) (51). Physical activity was analyzed as 
quartiles.  
Psychosocial Factors 
Trait anxiety was assessed at baseline, followed by state anxiety at each subsequent 
interview using the Spielberger State-Trait Anxiety Inventory (STAI) which measures relatively 
stable individual differences in anxiety proneness and contains 20 statements about how the 
respondent generally feels (26). Trait and state anxiety were analyzed as quartiles.  
Depressive symptoms were assessed at each interview using the 10-item Edinburgh 
Postnatal Depression Scale (EPDS) available in English (52) and Spanish (53). Each item asks 
how the woman has felt during the previous week and includes four categorical response options 
(yes, most of the time, no, not at all). Items are rated on a 4-point scale (0, 1, 2, 3) with a range of 
0 to 30. Women with a score ≥13 were considered to have at least probable minor depression or a 
score ≥15 probable major depression (54-56). 
Medical Factors 
After delivery, medical records were abstracted for medical and obstetrical history, 
including pre-pregnancy body mass index (BMI), parity, clinical characteristics of the current 
pregnancy, and reproductive history. BMI was categorized as underweight (less than 18.5 kg/m
2
), 
normal (18.5 to under 25 kg/m
2
), overweight (25 to under 30 kg/m
2
), and obese (30 kg/m
2 
or 
above). Parity was categorized as 0, 1, and 2 or more. Participants were classified as having a 
history of adverse pregnancy outcome if they responded yes to a history of any of the following: 
gestational diabetes, infant anomalies, stillbirth, macrosomia, intrauterine growth restriction, 
preterm premature rupture of membranes, or preterm delivery.   
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Validity of Covariate Assessment 
Information on the socio-demographic, acculturation, behavioral, medical and 
psychosocial factors was collected through self-report via interviews and medical record 
abstraction after delivery. We used multiple measures for acculturation including the PAS, 
generation and language preference. PAS scores have been observed to correlate with migration 
history and patterns of Spanish and English language use in a sample of Puerto Rican women, 
where correlations between PAS scores from the Spanish and English versions (r=0.94) indicate 
high cross-language measurement equivalence (48). The scores on each version of the scale are 
internally consistent (r=0.83 for Spanish version and 0.85 for English version) in a sample of 36 
self-identified bilingual Hispanics. When tested in a sample of 107 Puerto Ricans, items were 
internally consistent with coefficients of reliability for scores on the Spanish and English versions 
of 0.90 and 0.83, respectively (48). Generation and language preference are among the most 
commonly used markers of acculturation, and are used for validation of other acculturation 
measures including most standard acculturation scales (57). Behavioral items such as physical 
activity, smoking and alcohol consumption were adapted from previously validated scales. The 
PPAQ has demonstrated moderate to high reproducibility for total physical activity (r=0.78) 
among pregnant women. Spearman correlations between the PPAQ and three published cut points 
used to classify actigraph data ranged from 0.08 to 0.43 for total activity, suggesting modest 
validity (50). Prior studies have found overall accurate self-reporting of smoking among pregnant 
women, when validated against exhaled carbon monoxide levels (sensitivity and specificity 64.3-
85.6 and 97.1-98.7) (58). Other studies have demonstrated high validity of self-reported smoking 
by pregnant women, when compared with serum cotinine measures (sensitivity and specificity 
78-80% and 99-99.6%; k=0.83, r=0.44) (59, 60) The STAI has previously been validated in 
studies during the prenatal period (61). Internal consistency ranges from 0.89-0.91 (26). The 
Spanish version of the scale was validated and adapted by TEA editions (62). The EPDS has been 
validated as a depression screening tool in pregnant and postpartum Hispanic women (63). Its 
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sensitivity and specificity ranges from 90-100% and 78-88%, respectively for detection of major 
and minor depression (52).   
 
Data Analysis 
We examined the association between perceived psychosocial stress in early and mid-
pregnancy and glucose intolerance in a population of pregnant Hispanic women. 
Univariate Analysis 
We examined the socio-demographic, acculturation, behavioral, medical and 
psychosocial characteristics of participants in our study. We examined univariate distributions of 
the exposure stress, both continuous and as quartiles (Table 2.2). We defined no change in stress 
as within a ±2 point difference in PSS-14 scores between early and mid-pregnancy. We suspected 
that 1 point changes may not be meaningful, and we eliminated these small changes from the 
groups defined as increased or decreased, to eliminate “noise” or non-meaningful change. We 
wanted to find cases where we felt the change was more likely to be important or meaningful, and 
therefore defined a change in stress as at least a 2 point change in either direction. The 
distribution of glucose abnormalities in pregnancy is presented in table 2.3.  
Bivariate Analysis 
All covariates were cross tabulated with perceived stress (Table 2.4) and the four 
outcome variables AGT, IGT, GDM, and any glucose abnormality using chi square tests or 
Fisher’s Exact Test, in cases of small cell size (Table 2.5). We examined the bivariate distribution 
of stress in early and mid-pregnancy by glucose intolerance, through chi square tests for 
categorical and t-tests for continuous variables (Tables 2.6 to 2.9). We also examined correlations 
between the continuous early and mid-pregnancy stress scores and the screening glucose levels 
for the total sample as well as excluding those with stress assessments after GDM screen. Finally, 
we examined the association between a change in stress from early to mid-pregnancy and glucose 
intolerance. 
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Multivariable Analysis 
Multivariable logistic regression was used to calculate ORs and 95% CIs for the 
association between perceived stress during early to mid- pregnancy and each of the outcome 
variables. Three separate logistic regression models were built for AGT (Table 2.10), IGT (Table 
2.11), and GDM (Table 2.12). In these models, stress was analyzed continuously, as well as in 
quartiles, and as change in stress from early to mid-pregnancy. Variables which were statistically 
significantly associated with the outcome in unadjusted logistic models at p<0.20 were evaluated 
as potential confounders based on likelihood ratio tests. All covariates that caused a greater than 
10 percent change in the coefficient estimate for stress were retained in the model. As we had 
insufficient power to adjust for all identified confounders in the IGT and GDM models, we only 
included important confounders identified in the prior literature in the final models e.g. age and 
pre-pregnancy BMI (171). A missing indicator category for covariates was included in the models 
to prevent observations that were missing covariate information from dropping out of the models. 
Tests for linear trend were calculated by modeling the ordinal variables as continuous variables.  
We used ordinal logistic regression models to examine the association between stress and 
the ordinal outcome glucose abnormality. We tested the proportional odds assumption, and 
multinomial logistic regression (Table 2.13) was used to estimate the odds ratios, as the 
proportional odds assumption was not met. The association between perceived stress and the 
continuous screening glucose level was examined using multiple linear regression models (Table 
2.14). As psychosocial factors such as anxiety and depression may reflect aspects of stress and 
are correlated, we included an interaction term for anxiety and depression in our final models. 
Sensitivity analyses were conducted comparing participant characteristics among those with 
complete data on stress vs. those missing data. Statistical analyses were conducted using SAS® 
9.3 software by SAS Institute Inc. (SAS Campus Drive, Cary, North Carolina). 
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Results 
Overall, participants were young (71% under 24 years of age), with low levels of 
education (46% did not complete high school) and income (43% with <$30,000 annual household 
income) (Table 2.1). Most participants (83%) were unmarried, however almost half (48%) 
reported currently living with a spouse/partner. Approximately 24% of participants preferred 
Spanish for speaking/reading, had low levels of acculturation (75% low acculturation status), and 
approximately half (46%) were first generation in the United States. One-third of the participants 
reported alcohol consumption (39%) and smoking (30%) prior to pregnancy, however these 
numbers were considerably reduced during early and mid-pregnancy. Over 44% participants were 
overweight or obese prior to pregnancy. Approximately 42% were nulliparous, and over one-
quarter (28%) reported a family history of diabetes.  
Mean ± SD perceived stress scores were 26 ± 7 (range 3-48) and 25 ± 7.4 (range 2-47) 
during early and mid-pregnancy, respectively (Table 2.2). Data on both early and mid-pregnancy 
stress were available for 478 participants; therefore an effect of change in stress on glucose 
intolerance was limited to these participants. Mean ± SD change in stress was -1.4 ± 6.7 (range -
26 to 19). The prevalence of AGT was 14.5%, 7.2% were classified as IGT and 4.7% were 
diagnosed with GDM (Table 2.3). Mean ± SD screening glucose levels were 105 ± 26.4 mg/dL 
(range 24-202).   
Table 2.4 shows the participant characteristics according to perceived stress. In general, 
mean perceived stress scores decreased from early to mid-pregnancy across all categories of 
covariates. Mean perceived stress levels tended to decrease with increasing age, education, 
income, being married, and increase with smoking and alcohol consumption. Table 2.5 shows the 
participant characteristics according to glucose intolerance. Increasing age, living with a 
spouse/partner, Spanish language preference, being first generation in the United States, 
increasing levels of pre-pregnancy BMI, and a positive history of adverse pregnancy outcomes 
were statistically significantly associated with all levels of glucose intolerance. In addition, being 
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married was positively associated with AGT (p=0.04) and IGT (p=0.03), and increasing parity 
(p=0.02) and a positive family history of diabetes (p=0.02) were significantly and positively 
associated with IGT only. 
We tested for linear relationships between the continuous PSS-14 scores during early and 
mid-pregnancy as well as change in PSS-14 scores and screening glucose levels. We did not find 
clinically meaningful linear associations between early (Spearman r=-0.06, p=0.07) or mid-
pregnancy stress (Spearman r=-0.07, p=0.04) or change in stress (Spearman r=0.05, p=0.31) and 
glucose levels. Correlations were similar after excluding women who had their stress assessment 
after the GDM screen. In bivariate analyses, early and mid-pregnancy perceived stress was not 
significantly associated with AGT (Table 2.6). However, there was a suggestion of an effect of 
increased stress from early to mid-pregnancy on the risk of AGT (19.2% vs. 12.8% for increase 
vs. no change/decrease, p=0.08). Similarly, there was no association between stress in early and 
mid-pregnancy and the risk of IGT and GDM, but increase in stress from early to mid-pregnancy 
was significantly associated with IGT (p=0.04) and GDM (p=0.01) (Tables 2.7 and 2.8). When 
analyzed as an ordinal outcome, there was no association between perceived stress and any 
glucose abnormality (Table 2.9).  
In both unadjusted and adjusted logistic regression analyses, neither perceived stress in 
early and mid-pregnancy nor was change in stress significantly associated with AGT (Table 
2.10). Similarly, early and mid-pregnancy stress was not associated with IGT, however, 
participants with increase in stress from early to mid-pregnancy were 2.2 times more likely to 
have IGT as compared to those with no change/decrease in stress (OR=2.2; 95% CI: 1.0-4.9) 
(Table 2.11). When adjusted for age and pre-pregnancy BMI, the association was no longer 
statistically significant (OR=1.9; 95% CI: 0.8-4.3). Similarly, participants with increase in stress 
from early to mid-pregnancy had a three-fold increase in the odds of GDM as compared to those 
with no change/decrease in stress (OR=3.0; 95% CI: 1.2-7.4) (Table 2.12). After adjusting for age 
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and pre-pregnancy BMI, there was slight attenuation in the association between change in stress 
and GDM (OR=2.5; 95% CI: 0.9-6.5).  
In multinomial regression analyses, there was no evidence of an association between 
perceived stress in early or mid-pregnancy and any glucose abnormality (Table 2.13). However, 
there was a suggestion that women with increased stress from early to mid-pregnancy had a three-
fold increased odds of GDM as compared to women with no change in stress (OR=3.1; 95% CI: 
0.9-10.2). After adjusting for age and pre-pregnancy BMI, the association was no longer 
significant. 
When analyzed as a continuous outcome (Table 2.14), every 1 point higher PSS-14 score 
during mid-pregnancy was associated with a 0.3 mg/dL lower screening glucose level (β=-0.3; 
SD=0.1; p=0.02). The association between mid-pregnancy stress and glucose levels was 
attenuated after adjusting for age and pre-pregnancy BMI (β=-0.2; SD=0.1; p-0.06). In terms of  
change in stress, an increase in stress above a 2 point-change was associated with a 7.9 mg/dL 
increase in screening glucose level (β=7.9; SD=3.4; p=0.02); however adjustment for age and 
pre-pregnancy BMI slightly attenuated this association (β=6.6; SD=3.3; p=0.05). 
We did not find evidence of an interaction between stress and anxiety or stress and 
depression in our final models for AGT, IGT, and GDM. Participants excluded from analyses 
(n=511) did not differ statistically significantly from those included in terms of age, education, 
marital status, number of children and adults in the household, pre-pregnancy BMI, smoking and 
alcohol consumption but were more likely to not know/refuse to report their annual household 
income (71.2% vs. 50.1%, p<.0001), have private health insurance (10.4% vs. 6.9%, p=0.03), be 
second or third generation in the United States (50.1% vs. 46.9% and 7.7% vs. 5.4%, 
respectively, p=0.05), prefer English for speaking/reading (81.7% vs. 76.2%, p=0.02), be more 
acculturated (26.0% vs. 19.0%, p=0.02), have more than 2 children (33.1% vs.26.7%, p=0.04), 
and have preterm birth (12.8% vs. 5.1%, p<.0001). 
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In terms of stress patterns during early to mid-pregnancy, the mean ± SD increase was 
6.9 ± 3.6 (median=6). As Cohen’s Perceived Stress Scale was not designed to be a diagnostic 
tool, and there are no established cut-points for high stress, we were unable to evaluate the 
clinical importance of an increase in stress above a 2-point change. When we repeated our 
analyses for change in stress as quartiles, those in the top quartile had similar non-statistically 
significant increase in odds of AGT (OR=1.3, 95% CI: 0.6-2.9), IGT (OR=1.2, 95% CI: 0.4-3.3), 
and GDM (OR=1.6, 95% CI: 0.5-5.8), respectively as compared to those in the lowest quartile. 
Finally, being in the top quartile for change in stress was associated with a non-statistically 
significant 2.6 mg/dL increase in screening glucose level (β=2.6; SD=3.5; p=0.46), after adjusting 
for age and BMI. 
       
Discussion 
In summary, in this prospective cohort study among Hispanic prenatal care patients, we 
found that an increase in stress from early to mid-pregnancy was associated with increased odds 
of IGT and GDM, but not AGT. However, this effect was no longer statistically significant after 
adjustment for age and pre-pregnancy BMI. Similarly, an increase in stress was positively and 
statistically associated with screening glucose levels (ranging from 24-202 mg/dL). We did not 
find evidence for an association between absolute levels of perceived stress during early or mid-
pregnancy and any measure of glucose intolerance during pregnancy. Therefore, our findings 
suggest that change in stress levels during pregnancy may be more important than absolute stress 
in increasing the risk of glucose intolerance.    
To our knowledge, no prior studies have specifically examined the association between 
perceived stress during early and mid-pregnancy and the risk of glucose intolerance among 
pregnant Hispanic women. In one prior study among 2,854 pregnant non-Hispanic White women 
(116), the authors found that experiencing five or more stressful events during the 12 months 
before the baby was born was associated with a 2.5-fold increased odds of GDM (95% CI: 1.5-
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4.2) as compared with having no stressful events. In addition, among the 13-item inventory of 
stressful events ‘moved to a new address’ was not associated with increased odds of GDM 
(OR=1.1; 95% CI: 0.8-1.5), but having any stressful event other than moved to a new address was 
associated with a 1.4-fold increased odds of GDM (95% CI: 1.0-1.9). In contrast, we found that a 
change in stress levels during pregnancy rather than absolute levels of stress may be associated 
with increased risk of IGT and GDM, but not AGT. Differences in findings between our study 
and prior literature may be due to several reasons. Firstly, differences in findings between our 
study and those by Hosler et al. (116) may have occurred due to the different instruments used to 
measure stress. Our study used the PSS-14 scale which is a global measure or perceptual indicator 
of stress as opposed to stressful events measured by Hosler et al. (116) which are an objective 
measure or environmental indicator of stress. As a comparison, vast differences in the 
operationalization of stress has been suggested as a reason for conflicting findings in the growing 
literature examining the effects of prenatal stress on birth outcomes (7, 9, 172-174). Newer 
approaches have incorporated a multidimensional representation of stress as latent stress factors 
which combine the environmental (e.g., life events), perceptual (e.g., perceived stress), and 
response-based (e.g., anxiety) indicators of stress (172). These observed indicators of a latent 
stress factor vary among studies. For example, Lobel et al. (175) found that perceived stress, state 
anxiety, and distress were indicative of a latent stress factor, but life event stress was not, whereas 
Zambrana et al. (176) found that life events, life event distress, and perceived stress were 
indicators of stress. It is yet unclear how these particular components of stress influence glucose 
intolerance during pregnancy; as Hosler et al. measured stressful life events and found a positive 
association with GDM, while we found no association. However, Hosler et al. (116) measured 
stressful events based on recall after delivery and the specific timing of stress assessment is 
unknown. Thus, the temporality of the association cannot be established. In fact, prior studies 
have found a reverse association, in that a diagnosis of GDM is associated with increased stress 
(164). Additionally, a recall bias could have occurred if participants diagnosed with GDM 
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recalled stressful events more carefully than those without GDM. In contrast, we were able to 
prospectively measure perceived stress during pregnancy and assess the relationship between 
absolute as well as change in stress and the risk of GDM. Lastly, differences in findings could 
have occurred due to the different populations under study. It is likely that differences in diet, 
lifestyle, sociocultural factors, as well as healthcare utilization and access among different 
populations may influence the mechanisms for the association between stress and glucose 
intolerance during pregnancy and thus modify this association among different populations.   
Our study had several limitations. Firstly, a non-differential misclassification of exposure 
could have resulted due to errors in the interviewing process. A misclassification of this type is 
less likely, as the PSS-14 scale was administered by trained interviewers. Cohen's Perceived 
Stress Scale has been found to be internally consistent (Cronbach’s alpha=0.84-0.86 in three 
samples tested by Cohen et al. (25) and 0.78 in a general population study (64, 65)), with test-
retest reliability ranging from 0.55 over six week to 0.85 over two days. Construct validity of the 
Perceived Stress Scale has been demonstrated by correlations with other measures of stress, 
including average weekly stress (r=0.36) and number of life events (r=0.30) (34), as well as 
depressive symptomatology (0.65 and 0.76) (25). However, the Spanish version has not been 
validated in a population of Puerto Rican women. Despite adequate reliability and validity of the 
PSS-14, there is a possibility for some degree of misclassification, and this would bias results 
toward the null. Additionally, stress was self-reported and the subjective nature of the 
questionnaire may have led to under or over reporting. The higher stigma regarding mental illness 
in Hispanics may have caused underreporting of stress (76, 77). Due to the prospective nature of 
the study, we do not expect reporting of stress to be influenced by glucose intolerance, 
misclassification, if occurred, would likely be non-differential and would tend to bias results 
toward the null.  
The glucose intolerance outcomes were defined using standard criteria by the American 
Diabetes Association (170) and GDM cases were confirmed by the study obstetrician. Therefore 
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misclassification of GDM seems minimal, however if it occurred, it would bias the results toward 
the null, as the study obstetrician was blinded to the participants’ stress level. Errors in the 
conduct of the OGTT and measurement of glucose levels could lead to misclassification of 
outcome; however this seems less likely as screening tests were carried out using standard 
protocol with appropriate quality control measures. Medical record abstraction errors could have 
led to inaccurate outcome status for participants. The use of trained medical record abstractors 
minimized this concern. To the extent that misclassification occurred; it would have biased results 
toward the null, as screening technicians and medical record abstractors were unaware of the 
participants’ stress levels. 
Secondly, a selection bias could have occurred if participants missing information on 
glucose intolerance differed according to their levels of stress. For example, if those missing 
glucose measures missed their screening appointment due to their high stress levels and were 
more likely to have glucose intolerance due to obesity, then this would bias the association 
between stress and GDM toward the null. To address this concern, we compared baseline 
characteristics of those missing vs. not missing outcome data. Participants missing information on 
glucose intolerance did not differ from those not missing information in terms of age, education, 
marital status, number of children and adults in the household, pre-pregnancy BMI, smoking and 
alcohol consumption, and therefore a selection bias of this type is less likely. However, we found 
that participants missing glucose information were more likely to be of second or higher 
generation in the United States, prefer English for speaking/reading, and score higher on the 
acculturation scale. To the extent that greater acculturation is associated with higher stress and 
glucose intolerance, this would have underestimated the association between stress and glucose 
intolerance.    
Thirdly, a surveillance bias could have occurred if exposed participants were screened 
more carefully for the outcome than unexposed participants. For example, if participants 
reporting higher levels of stress during early pregnancy were screened more carefully for glucose 
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intolerance than those with low levels of stress, this would result in a bias away from the null. 
However, a surveillance bias seems unlikely as the screening technicians and study obstetrician 
were blinded to the exposure status of the participants. Although this is a prospective study, 
information bias may have occurred in the form of a recall bias for some individuals. For 63 
participants, mid-pregnancy stress was assessed after the glucose screen was administered. A bias 
may have occurred if results of the OGTT influenced responses to stress assessments after the 
glucose screen. Thus if women with a positive GDM diagnosis reported higher levels of stress 
during mid-pregnancy, this would cause a bias away from the null. To address this concern, we 
conducted sensitivity analyses whereby we repeated analyses excluding 63 participants who had 
their stress assessment prior to receiving results from their GDM screen, and results were 
virtually unchanged.    
We tested for a number of confounders in the AGT models that have been identified in 
previous studies, and a multivariate model was used to adjust for the effects of these covariates. 
We adjusted for age and BMI, two important risk factors, in the IGT and GDM models. As we 
lacked sufficient power to adjust for other confounders in these models, residual confounding 
could have occurred. Additionally, errors in the measurement of pre-pregnancy BMI in our study 
would lead to incomplete control for confounding. Although height and weight were abstracted 
from medical records, self-reported data were used for participants missing pre-pregnancy weight 
information, and residual confounding could have occurred. Other psychosocial factors such as 
anxiety and/or depression may act as potential confounders in the association between stress and 
glucose intolerance. Depression is positively correlated with stress and may increase the risk of 
glucose intolerance, resulting in a positive confounding and cause a bias away from the null. Due 
to small cell sizes, we were unable to stratify our results by high and low anxiety levels and 
depressed and non-depressed status. However, when we included anxiety and depression as 
covariates in the final models, our results were virtually unchanged. We are missing information 
on stress during pre-pregnancy as well as prior history of psychosocial stress. Stress during a 
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prior time period is positively associated with current stress, and a prior history of stress may 
increase the risk of glucose intolerance during pregnancy. This would result in positive 
confounding and could have overestimated our observed risk estimates. Lastly, we lacked data on 
diet during pregnancy; however dietary patterns may act as mediating variables between 
psychosocial stress and maternal glucose intolerance. Considering that dietary patterns are 
intermediates in the causal pathway, an adjustment for diet could lead to an over adjustment bias. 
Finally, due to a relatively low number of cases (4.7%), our study had insufficient statistical 
power to detect an association between perceived stress and the risk of GDM. Although the 
associations between increase in stress from early to mid-pregnancy and the odds of IGT and 
GDM were not statistically significant after controlling for age and BMI; our point estimates 
suggested a two-fold increase in the odds of IGT and GDM. When we restricted the unadjusted 
analyses to those not missing age and BMI, the point estimates were similar to the analyses using 
the total sample, but had wider confidence intervals and were non-significant, suggesting 
potentially low power.  
Our results may not be generalized to pregnant women who have multiple births, as our 
study was restricted to mothers with singleton births. Multiple births are a risk factor for GDM. 
However, there is little reason to believe that the biological mechanism for the association 
between perceived psychosocial stress and glucose intolerance could differ according to number 
of births. In addition, the distribution of stress among Puerto Rican and Dominican women may 
involve a different spectrum from that found among non-Hispanic women or those from other 
Hispanic subgroups (e.g., Mexican Americans). In other words, the range of high and low stress 
scores may be much higher than those found among non-Hispanic women, and risk of glucose 
intolerance varies according to ethnicity (80). Sociocultural as well as socioeconomic differences 
among various ethnicities may influence the mechanism for the association between stress and 
glucose intolerance during pregnancy. Hence, our findings may not be generalized to non-
Hispanic populations or other Hispanic subgroups.    
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There is biological evidence that psychosocial stress may contribute to the risk of glucose 
intolerance directly via the HPA (109-111) by raising the blood concentrations of counter 
regulatory hormones which inhibit insulin secretion and increase blood glucose level. Stress is 
also likely to further exacerbate the insulin resistance associated with later pregnancy resulting in 
increased risk of glucose intolerance.  
In summary, the current study represents the first, to our knowledge, to examine this 
association among pregnant Hispanic women. Our study aimed to address this important research 
gap. An important aspect of our study is the prospective nature of the study design, which 
allowed us to assess temporality of the association between psychosocial stress and glucose 
abnormalities in pregnancy. Additionally, we used the Perceived Stress Scale, a global measure of 
stress, which evaluates the extent to which an individual’s life experiences are perceived as 
stressful, thus taking into account mediators of stress appraisal and all sources of stress. It is 
likely that despite high levels of stress, if supportive resources as available, it may tend to reduce 
the overall stress appraised by an individual and reduce the likelihood of impact on glucose 
intolerance during pregnancy. To summarize, we found that an increase in stress from early to 
mid-pregnancy was associated with an increased risk of IGT and GDM, but not AGT. Further 
prospective research is needed to determine if change in stress is more important than the 
absolute stress experienced by an individual in impacting glucose intolerance during pregnancy. 
Specifically, future research should focus on prospectively measuring stress and determining the 
effect of overall patterns of stress on glucose intolerance.       
 
Significance 
To our knowledge, this is the first study examining the association between perceived 
stress and glucose intolerance among pregnant Hispanic women. Proyecto Buena Salud 
represents a group of Hispanic women with higher levels of psychosocial stress. Early 
identification and recognition of modifiable risk factors such as stress may provide an opportunity 
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for prevention of milder degrees of glucose intolerance both during pregnancy, as well as 
reduction in the risk of post pregnancy complications in the mother and baby.  
 
Human Subject Protection 
The PBS study was approved by the Institutional Review Boards of University of 
Massachusetts Amherst and Baystate Health. Participants were informed of the aims and 
procedures of the study and written informed consent was obtained that included the purpose of 
research, procedures, risks and discomforts, benefits, costs & compensation, alternatives to 
participation, patient enrollment/length of study, confidentiality, voluntary participation, requests 
for additional information, and voluntary consent.  
Study personnel are trained in privacy protocols and every effort is made to ensure data 
were collected confidentially. All completed questionnaires and abstracted medical records are 
kept in secure file-cabinets. All data files will have a backup and stored separately from the 
original data files. Computer files are kept on a password protected secure server, with access by 
study personnel only. All data will be used specifically for research purposes. 
There were no known possible risks to participants in this study, except the 
social/psychological risk for an individual resulting from inadvertent disclosure of confidential 
medical information. There were no known direct benefits to participants in this study, except 
their feelings of being involved in a large and important study.  
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Figure 2.1. Timeline of Participant Recruitment, Interviews and Glucose Assessment: 
Proyecto Buena Salud, Western Massachusetts, 2006-2011. 
  
Gestational 
weeks 
Recruitment &
Early Pregnancy 
Stress Assessment 
10 15
Mid-pregnancy 
Stress Assessment
20 25 30
GDM screen
Mean 27.3
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Table 2.1 Baseline Characteristics of Study Population; Proyecto Buena Salud, Western 
Massachusetts, 2006-2011. 
 
Continued, next page.  
 
N
f
%
Demographic factors 1115
Age (years)
<20 349 31.3
20-24 445 39.9
25-29 192 17.2
≥30 129 11.6
Educational status
Less than high school 512 45.9
High school graduate 349 31.3
Some college/graduate 210 18.8
Annual Household Income
<$15,000 319 28.6
>$15,000-$30,000 161 14.4
>$30,000 76 6.8
Don't know/Refused/Missing 559 50.1
Marital status
Single/divorced/separated/widowed 925 83.0
Married 117 10.5
Refused/Missing 73 6.6
Live with spouse/partner
No 520 46.6
Yes 539 48.3
Children (<18 yrs) in household
a
0 202 18.1
1 382 34.3
2 265 23.8
3+ 195 17.5
Adults (>18 yrs) in household
a
1 260 23.3
2 519 46.6
3+ 287 25.7
Acculturation factors
Language preference for speaking/reading
English 850 76.2
Spanish 265 23.8
Acculturation Status
b
<3 835 74.9
≥3 202 18.1
Total Sample
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Table 2.1, continued. 
 
Continued, next page.  
Generation in the continental U.S.
c
First generation 516 46.3
Second generation 507 45.5
Third generation 58 5.2
Behavioral factors
Pre-pregnancy alcohol consumption
None 638 57.2
0 to 5 drinks per month 189 17.0
Over 5 to 12 drinks per month 118 10.6
Over 12 drinks per month 129 11.6
Pre-pregnancy cigarette smoking
None 737 66.1
≤ 10 cigarettes per day 257 23.1
> 10 cigarettes per day 80 7.2
Early pregnancy alcohol consumption
None 792 71.0
Yes 20 1.8
Early pregnancy cigarette smoking
None 699 62.7
Yes 110 9.9
Mid-pregnancy alcohol consumption
None 725 65.0
Yes 9 0.8
Mid-pregnancy cigarette smoking
None 658 59.0
Yes 81 7.3
Early pregnancy total physical activity (MET-hrs/day)
1
st
 quartile (1.7-98.4) 194 17.4
2
nd
 quartile (98.4-157.8) 193 17.3
3
rd
 quartile (158-237.1) 194 17.4
4
th
 quartile (237.3-1202.9) 193 17.3
Medical history factors
Pre-pregnancy BMI 
Underweight 69 6.2
Normal 540 48.4
Overweight 244 21.9
Obese 248 22.2
Parity
0 470 42.2
1 340 30.5
≥2 295 26.5
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Table 2.1, continued. 
 
 
  
Family history of diabetes
No 684 61.4
Yes 310 27.8
Not mentioned/missing 121 10.9
History of adverse pregnancy outcome
No 918 82.3
Yes 133 11.9
Psychosocial factors
Edinburgh Depression Scale
At least probable minor depression
d 
(EPDS>=13)
No 589 52.8
Yes 220 19.7
Probable major depression
e
 (EPDS>=15)
No 670 60.1
Yes 139 12.5
Trait Anxiety
1
st
 quartile (20-32) 208 18.7
2
nd
 quartile (33-39) 216 19.4
3
rd
 quartile (40-48) 211 18.9
4
th
 quartile (49-76) 180 16.1
a
Including the participant as appropriate: if <18 yrs, included as a child; if >18 yrs, included as an adult.
b
Acculturation is measured by the Psychological Acculturation Scale and ranges from 1-5; 
 score <3 = low acculturation and ≥3 = high acculturation.
c
First generation: born in PR/DR or parent born in PR/DR; 
 Second generation: born in U.S. but parents born in PR/DR; 
 Third generation: born in U.S., parents born in U.S., grandparents born in PR/DR.
dWomen who scored  ≥13 on the Edinburgh Postnatal Depression Scale (EPDS).
eWomen who scored  ≥15 on the Edinburgh Postnatal Depression Scale (EPDS).
f
Numbers may not total to 1115 due to missing data.
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Table 2.2. Distribution of Perceived stress in the Study Population; Proyecto Buena Salud, 
Western Massachusetts, 2006-2011. 
  
  
 
N
b
% Mean SD Median
Early pregnancy perceived stress 
1
st
 quartile (3-21) 214 25.7 17.3 3.4
2
nd
 quartile (22-26) 239 28.7 24.0 1.5
3
rd
 quartile (27-30) 173 20.8 28.5 1.1
4
th
 quartile (31-48) 207 24.9 35.1 3.6
Continuous early pregnancy stress (Mean±SD) 26.0 7.0 26.0
Mid-pregnancy perceived stress 
1
st
 quartile (2-20) 214 28.2 16.1 3.7
2
nd
 quartile (21-25) 183 24.1 23.0 1.4
3
rd
 quartile (26-30) 188 24.7 27.9 1.4
4
th
 quartile (31-47) 175 23.0 34.7 3.4
Continuous mid-pregnancy stress (Mean±SD) 25.0 7.4 25.0
Early to mid-pregnancy change in stress
a
No change/decrease (-26 to 2) 353 73.9 -4.3 4.9
No change (-2 to 2) 142 29.7 -0.2 1.4
Decrease (-3 to -26) 211 44.1 -7.1 4.5
Increase (3 to 19) 125 26.2 6.9 3.6
Continuous change in stress (Mean±SD) -1.4 6.7 -2.0
Perceived stress is measured by Cohen's Perceived Stress Scale (PSS-14) and ranges from 0-56.
a
Early to mid-pregnancy change in stress defined as No meaningful change = within ±2 point change, 
 Decrease = below -2 point change and Increase = above 2 point change in PSS-14 scores. 
b
Numbers may not total to 1115 due to missing data.
Total Sample
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Table 2.3. Distribution of Glucose Intolerance in the Study Population; Proyecto Buena 
Salud, Western Massachusetts, 2006-2011. 
 
  
 
N % Median Range
Abnormal Glucose Tolerance
a
No 953 85.5
Yes 162 14.5
Impaired Glucose Tolerance
b
No 1035 92.8
Yes 80 7.2
Gestational Diabetes Mellitus
c
No 1063 95.3
Yes 52 4.7
Any Glucose Abnormality
d
None 953 85.5
Abnormal Glucose Tolerance 82 7.4
Impaired Glucose Tolerance 28 2.5
Gestational Diabetes Mellitus 52 4.7
Continuous Screening Glucose (Mean, SD) 105 26.4 101 24-202
a
Women with glucose levels >135mg/dL from a 50g, 1-hour glucose tolerance test 
 were classified as Abnormal Glucose Tolerance. 
b
Women with glucose levels >135mg/dL from a 50g, 1-hour glucose tolerance test, 
 and exceeded at least one cut-point on the 100g 3-hour oral glucose tolerance test 
 were classified as Impaired Glucose Tolerance. 
c
Women with glucose levels >135mg/dL from a 50g, 1-hour glucose tolerance test, 
 and exceeded at least two cut-points on the 100g 3-hour oral glucose tolerance test 
 were classified as Gestational Diabetes Mellitus.
Total Sample
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Table 2.4. Baseline Participant Characteristics by Perceived Psychosocial Stress; Proyecto 
Buena Salud, Western Massachusetts, 2006-2011. 
 
Continued, next page. 
  
 
N
f
Mean SD N
f
Mean SD
Demographic factors
Age (years)
<20 279 26.1 7.1 236 25.6 7.0
20-24 320 26.7 6.7 303 25.1 7.4
25-29 142 26.1 6.8 132 24.3 7.5
≥30 92 22.6 7.5 89 23.9 8.0
Educational status
Less than high school 400 26.9 7.1 346 25.3 7.3
High school graduate 268 25.7 6.9 241 25.1 7.3
Some college/graduate 159 24.1 6.8 133 23.7 7.5
Annual Household Income
<$15,000 245 26.4 7.3 225 26.4 7.4
>$15,000-$30,000 125 24.8 6.6 104 23.3 6.8
>$30,000 59 23.6 6.7 46 22.1 7.9
Don't know/Refused/Missing 404 26.4 7.0 385 25.0 7.3
Marital status
Single/divorced/separated/widowed 721 26.1 7.1 619 25.0 7.3
Married 83 24.5 6.8 82 24.5 8.4
Refused/Missing 29 26.3 7.5 59 25.3 7.4
Live with spouse/partner
No 408 26.2 7.3 346 25.5 7.7
Yes 414 25.7 6.8 367 24.5 7.1
Children (<18 yrs) in household
a
0 155 25.7 7.3 137 25.3 7.7
1 298 26.3 7.1 246 24.9 7.2
2 203 26.0 6.4 193 24.5 6.7
3+ 152 25.7 7.3 126 25.9 7.8
Adults (>18 yrs) in household
a
1 199 25.8 7.0 180 24.5 7.7
2 393 25.6 7.0 345 24.5 7.2
3+ 232 26.7 7.2 191 26.4 7.2
Acculturation factors
Language preference for 
speaking/reading
English 639 26.0 7.1 565 25.0 7.5
Spanish 194 25.9 6.8 195 25.0 7.2
Acculturation Status
b
<3 647 26.0 7.0 566 25.3 7.2
≥3 157 25.7 7.3 131 23.4 7.8
Early Pregnancy Perceived Stress
g
Mid-pregnancy Perceived Stress
g
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Table 2.4, continued. 
 
Continued, next page.  
Generation in the continental U.S.
c
First generation 384 25.9 7.0 352 24.7 7.6
Second generation 377 26.2 7.4 339 25.5 7.4
Third generation 42 25.3 5.4 46 23.3 6.5
Behavioral factors
Pre-pregnancy alcohol consumption
None 476 25.5 7.1 433 24.7 7.8
0 to 5 drinks per month 150 26.0 6.9 123 24.7 6.7
Over 5 to 12 drinks per month 94 26.6 6.6 77 26.2 6.2
Over 12 drinks per month 104 27.5 7.2 93 26.1 7.1
Early pregnancy alcohol consumption
None 792 25.9 7.1 458 25.0 7.3
Yes 20 27.4 6.8 10 25.1 5.4
Mid-pregnancy alcohol consumption
None 725 24.9 7.4
Yes 9 26.9 3.9
Pre-pregnancy cigarette smoking
None 552 25.3 6.8 502 24.5 7.3
≤ 10 cigarettes per day 204 26.3 7.4 173 25.6 7.2
> 10 cigarettes per day 69 29.6 7.0 50 27.7 7.7
Early pregnancy cigarette smoking
None 699 25.6 7.1 401 24.8 7.2
Yes 110 28.1 6.9 66 26.3 7.9
Mid-pregnancy cigarette smoking
None 658 24.6 7.2
Yes 81 27.7 7.9
Early pregnancy total physical 
activity (MET-hrs/wk)
1
st
 quartile (0.5-19.4) 194 26.1 7.2 107 25.1 7.7
2
nd
 quartile (19.4-30.6) 193 25.8 7.2 97 25.1 7.2
3
rd
 quartile (30.6-45.6) 194 25.0 7.3 120 24.5 6.9
4
th
 quartile (45.6-204.8) 193 26.8 6.6 123 25.2 7.5
Medical history factors
BMI 
Underweight 42 26.5 6.4 53 25.1 6.3
Normal 403 26.4 6.8 357 25.4 7.4
Overweight 190 24.6 7.4 166 23.7 7.2
Obese 190 26.2 7.3 171 25.2 7.7
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Table 2.4, continued. 
Parity
0 356 26.2 6.9 314 25.0 7.3
1 257 25.9 7.0 222 24.9 7.4
≥2 212 25.7 7.4 215 24.9 7.6
Family history of diabetes
No 512 25.8 7.1 466 24.6 7.7
Yes 225 25.8 7.2 202 25.1 7.0
Not mentioned/missing 96 27.1 6.5 92 26.8 6.5
History of adverse pregnancy outcome
No 680 25.8 7.0 614 24.8 7.3
Yes 99 25.8 6.9 101 25.4 7.6
Psychosocial factors
Edinburgh Depression Scale
At least probable minor depression
d 
(EPDS>=13)
No 589 23.7 6.2 339 23.4 6.8
Yes 220 31.8 5.5 126 29.1 6.8
Probable major depression
e 
No 670 24.4 6.4 386 24.0 6.9
Yes 139 33.0 5.5 79 29.5 7.5
Trait Anxiety
1
st
 quartile (20-32) 208 19.9 5.6 104 19.7 7.0
2
nd
 quartile (33-39) 216 23.9 4.9 122 23.0 5.9
3
rd
 quartile (40-48) 211 27.6 4.5 134 26.3 5.9
4
th
 quartile (49-76) 180 33.3 5.5 109 30.4 6.5
a
Including the participant as appropriate: if <18 yrs, included as a child; if >18 yrs, included as an adult.
b
Acculturation measured by the Psychological Acculturation Scale and ranges from 1-5; score <3 = low acculturation
  and ≥3 = high acculturation.
c
First generation: born in PR/DR or parent born in PR/DR; Second generation: born in U.S. but parents born in PR/DR; 
 Third generation: born in U.S., parents born in U.S., grandparents born in PR/DR.
dWomen who scored  ≥13 on the Edinburgh Postnatal Depression Scale (EPDS).
eWomen who scored  ≥15 on the Edinburgh Postnatal Depression Scale (EPDS).
f
Numbers may not total to 1115 due to missing data.
g
Perceived stress is measured by Cohen's Perceived Stress Scale (PSS-14) and ranges from 0-56.
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Table 2.5. Baseline Participant Characteristics According to Glucose Intolerance; Proyecto Buena Salud, Western Massachusetts, 2006-
2011. 
 
Continued, next page.  
 
N % p -value
f
N % p -value
f
N % p -value
f
N % N % N % p -value
f
Demographic factors
Age (years)
<20 31 8.9 <.0001 12 3.4 <.0001 7 2.0 <.0001 19 5.4 5 1.4 7 2.0 <.0001
h
20-24 52 11.7 20 4.5 10 2.3 32 7.2 10 2.3 10 2.3
25-29 38 19.8 21 10.9 15 7.8 17 8.9 6 3.1 15 7.8
≥30 41 31.8 27 20.9 20 15.5 14 10.9 7 5.4 20 15.5
Educational status
Less than high school 65 12.7 0.12 25 4.9 0.03 15 2.9 0.06 40 7.8 10 2.0 15 2.9 0.09
High school graduate 49 14.0 29 8.3 21 6.0 20 5.7 8 2.3 21 6.0
Some college/graduate 39 18.6 21 10.0 12 5.7 18 8.6 9 4.3 12 5.7
Annual Household Income
<$15,000 48 15.1 0.76 25 7.8 0.26 19 6.0 0.28
g
23 7.2 6 1.9 19 6.0 0.33
h
>$15,000-$30,000 27 16.8 18 11.2 13 8.1 9 5.6 5 3.1 13 8.1
>$30,000 10 13.2 4 5.3 2 2.6 6 7.9 2 2.6 2 2.6
Don't know/Refused/Missing 77 13.8 33 5.9 18 3.2 44 7.9 15 2.7 18 3.2
Marital status
Single/divorced/separated/widowed 123 13.3 0.04
g
58 6.3 0.03
g
37 4.0 0.09
g
65 7.0 21 2.3 37 4.0 0.11
g
Married 25 21.4 14 12.0 9 7.7 11 9.4 5 4.3 9 7.7
Refused/Missing 14 19.2 8 11.0 6 8.2 6 8.2 2 2.7 6 8.2
Live with spouse/partner
No 58 11.2 0.00 25 4.8 0.01 15 2.9 0.01 33 6.4 10 1.9 15 2.9 0.02
Yes 93 17.3 49 9.1 33 6.1 44 8.2 16 3.0 33 6.1
AGT IGT GDMCases Cases Cases
AGT
i
IGT
j
GDM
k
Any Glucose Abnormality
l
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Table 2.5, continued. 
 
 
Continued, next page.  
Children (<18 yrs) in household
a
0 26 12.9 0.53 13 6.4 0.88 8 4.0 0.98 13 6.4 5 2.5 8 4.0 0.96
h
1 56 14.7 27 7.1 18 4.7 29 7.6 9 2.4 18 4.7
2 33 12.5 17 6.4 12 4.5 16 6.0 5 1.9 12 4.5
3+ 33 16.9 16 8.2 9 4.6 17 8.7 7 3.6 9 4.6
Adults (>18 yrs) in household
a
1 32 12.3 0.32 16 6.2 0.56 10 3.9 0.83 16 6.2 6 2.3 10 3.9 0.81
2 83 16.0 41 7.9 25 4.8 42 8.1 16 3.1 25 4.8
3+ 38 13.2 18 6.3 13 4.5 20 7.0 5 1.7 13 4.5
Acculturation factors
Language preference for 
speaking/reading
English 109 12.8 0.00 46 5.4 <.0001 31 3.7 0.00 63 7.4 15 1.8 31 3.7 0.00
Spanish 53 20.0 34 12.8 21 7.9 19 7.2 13 4.9 21 7.9
Acculturation Status
b
<3 125 15.0 0.26 59 7.1 0.95 35 4.2 0.17 66 7.9 24 2.9 35 4.2 0.05
h
≥3 24 11.9 14 6.9 13 6.4 10 5.0 1 0.5 13 6.4
Generation in the continental U.S.
c
First generation 93 18.0 0.01 49 9.5 0.01
g
32 6.2 0.03
g
44 8.5 17 3.3 32 6.2 0.02
g
Second generation 61 12.0 24 4.7 15 3.0 37 7.3 9 1.8 15 3.0
Third generation 4 6.9 3 5.2 1 1.7 1 1.7 2 3.5 1 1.7
Behavioral factors
Pre-pregnancy alcohol consumption
None 93 14.6 1.00 43 6.7 0.84 30 4.7 0.58 50 7.8 13 2.0 30 4.7 0.62
h
0 to 5 drinks per month 27 14.3 14 7.4 8 4.2 13 6.9 6 3.2 8 4.2
Over 5 to 12 drinks per month 18 15.3 10 8.5 8 6.8 8 6.8 2 1.7 8 6.8
Over 12 drinks per month 19 14.7 11 8.5 4 3.1 8 6.2 7 5.4 4 3.1
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Table 2.5, continued. 
 
Continued, next page.  
Pre-pregnancy cigarette smoking
None 114 15.5 0.41 58 7.9 0.15 36 4.9 0.50
g
56 7.6 22 3.0 36 4.9 0.50
g
≤ 10 cigarettes per day 31 12.1 12 4.7 9 3.5 19 7.4 3 1.2 9 3.5
> 10 cigarettes per day 12 15.0 8 10.0 5 6.3 4 5.0 3 3.8 5 6.3
Early pregnancy alcohol consumption
None 116 14.7 0.34
g
60 7.6 0.39
g
39 4.9 0.62
g
56 7.1 21 2.7 39 4.9 0.92
g
Yes 1 5.0 0 0.0 0 0.0 1 5.0 0 0.0 0 0.0
Early pregnancy cigarette smoking
None 100 14.3 0.75 51 7.3 0.74 33 4.7 0.74 49 7.0 18 2.6 33 4.7 0.94
g
Yes 17 15.5 9 8.2 6 5.5 8 7.3 3 2.7 6 5.5
Early pregnancy total physical 
activity (MET-hrs/wk)
1
st
 quartile (1.7-98.4) 34 17.5 0.61 13 6.7 0.91 9 4.6 0.97 21 10.8 4 2.1 9 4.6 0.70
h
2
nd
 quartile (98.4-157.8) 27 14.0 13 6.7 8 4.2 14 7.3 5 2.6 8 4.2
3
rd
 quartile (158-237.1) 26 13.4 13 6.7 10 5.2 13 6.7 3 1.6 10 5.2
4
th
 quartile (237.3-1202.9) 26 13.5 16 8.3 9 4.7 10 5.2 7 3.6 9 4.7
Medical history factors
BMI 
Underweight 3 4.4 <.0001 0 0.0 <.0001
g
0 0.0 <.0001
g
3 4.4 0 0.0 0 0.0 <.0001
h
Normal 55 10.2 21 3.9 13 2.4 34 6.3 8 1.5 13 2.4
Overweight 47 19.3 30 12.3 19 7.8 17 7.0 11 4.5 19 7.8
Obese 53 21.4 29 11.7 20 8.1 24 9.7 9 3.6 20 8.1
Parity
0 54 11.5 0.05 22 4.7 0.02 14 3.0 0.05 32 6.8 8 1.7 14 3.0 0.11
1 53 15.6 30 8.8 22 6.5 23 6.8 8 2.4 22 6.5
≥2 52 17.6 27 9.2 16 5.4 25 8.5 11 3.7 16 5.4
Family history of diabetes
No 95 13.9 0.38 40 5.9 0.02 27 4.0 0.12 55 8.0 13 1.9 27 4.0 0.21
h
Yes 52 16.8 33 10.7 21 6.8 19 6.1 12 3.9 21 6.8
Not mentioned/missing 15 12.4 7 5.8 4 3.3 8 6.6 3 2.5 4 3.3
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Table 2.5, continued.
History of adverse pregnancy outcomes
No 118 12.9 <.0001 57 6.2 <.0001 36 3.9 0.00 61 6.6 21 2.3 36 3.9 <.0001
g
Yes 38 28.6 21 15.8 15 11.3 17 12.8 6 4.5 15 11.3
Psychosocial factors
Edinburgh Depression Scale
At least probable minor depression
d 
(EPDS>=13)
No 85 14.4 0.97 45 7.6 0.69 30 5.1 0.55 40 6.8 15 2.6 30 5.1 0.91
Yes 32 14.6 15 6.8 9 4.1 17 7.7 6 2.7 9 4.1
Probable major depression
e 
No 95 14.2 0.62 50 7.5 0.91 34 5.1 0.46 45 6.7 16 2.4 34 5.1 0.59
g
Yes 22 15.8 10 7.2 5 3.6 12 8.6 5 3.6 5 3.6
Trait Anxiety
1
st
 quartile (20-32) 35 16.8 0.64 16 7.7 1.00 12 5.8 0.88 19 9.1 4 1.9 12 5.8 0.93
h
2
nd
 quartile (33-39) 33 15.3 16 7.4 9 4.2 17 7.9 7 3.2 9 4.2
3
rd
 quartile (40-48) 28 13.3 15 7.1 10 4.7 13 6.2 5 2.4 10 4.7
4
th
 quartile (49-76) 23 12.8 13 7.2 8 4.4 10 5.6 5 2.8 8 4.4
a
Including the participant as appropriate: if <18 yrs, included as a child; if >18 yrs, included as an adult.
bAcculturation is measured by the Psychological Acculturation Scale and ranges from 1-5; score <3 = low acculturation and ≥3 = high acculturation.
c
First generation: born in PR/DR or parent born in PR/DR; Second generation: born in U.S. but parents born in PR/DR; 
Third generation: born in U.S., parents born in U.S., grandparents born in PR/DR.
dWomen who scored  ≥13 on the Edinburgh Postnatal Depression Scale (EPDS).
eWomen who scored  ≥15 on the Edinburgh Postnatal Depression Scale (EPDS).
f
p -values from Chi square tests for categorical variables.
g
p -values from Fishers test if expected cell counts <5.
h
p-values from Monte Carlo estimate for Fisher's exact test.
i
Women with glucose levels >135mg/dL from a 50g, 1-hour glucose tolerance test were classified as Abnormal Glucose Tolerance (AGT).
j
Women with glucose levels >135mg/dL from a 50g, 1-hour glucose tolerance test, and exceeded at least one cut-point on the 100g 3-hour oral glucose 
 tolerance test were classified as Impaired Glucose Tolerance (IGT).
k
Women with glucose levels >135mg/dL from a 50g, 1-hour glucose tolerance test, and exceeded at least two cut-points on the 100g 3-hour oral glucose
 tolerance test were classified as Gestational Diabetes Mellitus (GDM).
l
Any Glucose Abnormality classified as None = no glucose intolerance, AGT = at least abnormal glucose tolerance, IGT= at least impaired glucose tolerance, 
and GDM = diagnosis of Gestational Diabetes Mellitus.
Missing categories excluded during calculation of p-values.
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Table 2.6. Perceived Stress According to Abnormal Glucose Intolerance; Proyecto Buena 
Salud, Western Massachusetts, 2006-2011. 
 
  
 
N % p -value
c
Early pregnancy perceived stress 
1
st
 quartile (3-21) 35 16.4 0.79
2
nd
 quartile (22-26) 32 13.4
3
rd
 quartile (27-30) 23 13.3
4
th
 quartile (31-48) 30 14.5
Mid-pregnancy perceived stress 
1
st
 quartile (2-20) 31 14.5 0.47
2
nd
 quartile (21-25) 33 18.0
3
rd
 quartile (26-30) 24 12.8
4
th
 quartile (31-47) 23 13.1
Early to mid-pregnancy change in stress
a
No change/decrease (-26 to 2) 45 12.8 0.08
No change (-2 to 2) 17 12.0
Decrease (-3 to -26) 28 13.3
Increase (3 to 19) 24 19.2
Perceived stress is measured by Cohen's Perceived Stress Scale (PSS-14) and ranges from 0-56.
a
Early to mid-pregnancy change in stress defined as No meaningful change = within ±2 point change, 
 Decrease = below -2 point change and Increase = above 2 point change in PSS-14 scores.
b
Women with glucose levels >135mg/dL from a 50g, 1-hour glucose tolerance test  
 were classified as Abnormal Glucose Tolerance.
c
p -values from Chi square tests for categorical variables.
Abnormal Glucose Tolerance
b
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Table 2.7. Perceived Stress According to Impaired Glucose Intolerance; Proyecto Buena 
Salud, Western Massachusetts, 2006-2011. 
 
  
 
N % p -value
c
Perceived stress during early pregnancy
1
st
 quartile (3-21) 18 8.4 0.15
2
nd 
quartile (22-26) 17 7.1
3
rd
 quartile (27-30) 6 3.5
4
th
 quartile (31-48) 19 9.2
Mid-pregnancy perceived stress 
1
st
 quartile (2-20) 11 5.1 0.25
2
nd
 quartile (21-25) 17 9.3
3
rd
 quartile (26-30) 12 6.4
4
th
 quartile (31-47) 8 4.6
Early to mid-pregnancy change in stress
a
No change/decrease (-26 to 2) 16 4.5 0.04
No change (-2 to 2) 5 3.5
Decrease (-3 to -26) 11 5.2
Increase (3 to 19) 12 9.6
Perceived stress is measured by Cohen's Perceived Stress Scale (PSS-14) and ranges from 0-56.
a
Early to mid-pregnancy change in stress defined as No meaningful change = within ±2 point change, 
 Decrease = below -2 point change and Increase = above 2 point change in PSS-14 scores. 
b
Women with glucose levels >135mg/dL from a 50g, 1-hour glucose tolerance test, and exceeded at least 
 one cut-point on the 100g 3-hour oral glucose tolerance test were classified as Impaired Glucose Tolerance.
c
p -values from Chi square tests for categorical variables.
Impaired Glucose Tolerance
b
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Table 2.8. Perceived Stress According to Gestational Diabetes; Proyecto Buena Salud, 
Western Massachusetts, 2006-2011. 
 
  
 
N % p -value
c
Early pregnancy perceived stress
1
st
 quartile (3-21) 14 6.5 0.25
2
nd
 quartile (22-26) 10 4.2
3
rd
 quartile (27-30) 4 2.3
4
th
 quartile (31-48) 11 5.3
Mid-pregnancy perceived stress 
1
st
 quartile (2-20) 7 3.3 0.18
2
nd
 quartile (21-25) 13 7.1
3
rd
 quartile (26-30) 8 4.3
4
th
 quartile (31-47) 5 2.9
Early to mid-pregnancy change in stress
a
No change/decrease (-26 to 2) 10 2.8 0.01
No change (-2 to 2) 4 2.8
Decrease (-3 to -26) 6 2.8
Increase (3 to 19) 10 8.0
Perceived stress is measured by Cohen's Perceived Stress Scale (PSS-14) and ranges from 0-56.
a
Early to mid-pregnancy change in stress defined as No meaningful change = within ±2 point change, 
 Decrease = below -2 point change and Increase = above 2 point change in PSS-14 scores.
b
Women with glucose levels >135mg/dL from a 50g, 1-hour glucose tolerance test, and exceeded at least 
 two cut-points on the 100g 3-hour oral glucose tolerance test were classified as Gestational Diabetes Mellitus.
c
p -values from Chi square tests for categorical variables.
Gestational Diabetes Mellitus
b
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Table 2.9. Perceived Stress According to Level of Glucose Abnormality; Proyecto Buena 
Salud, Western Massachusetts, 2006-2011. 
 
N % N % N % p -value
Early pregnancy perceived stress 
1
st
 quartile (3-21) 17 7.9 4 1.9 14 6.5 0.31
d
2
nd
 quartile (22-26) 15 6.3 7 2.9 10 4.2
3
rd
 quartile (27-30) 17 9.8 2 1.2 4 2.3
4
th
 quartile (31-48) 11 5.3 8 3.9 11 5.3
Mid-pregnancy perceived stress
1
st
 quartile (2-20) 20 9.4 4 1.9 7 3.3 0.74
d
2
nd
 quartile (21-25) 16 8.7 4 2.2 13 7.1
3
rd
 quartile (26-30) 12 6.4 4 2.1 8 4.3
4
th
 quartile (31-47) 15 8.6 3 1.7 5 2.9
Early to mid-pregnancy change in stress
a
No change/decrease (-26 to 2) 29 8.2 6 1.7 10 2.8 0.09
c
No change (-2 to 2) 12 8.5 1 0.7 4 2.8
Decrease (-3 to -26) 17 8.1 5 2.4 6 2.8
Increase (3 to 19) 12 9.6 2 1.6 10 8.0
Perceived stress is measured by Cohen's Perceived Stress Scale (PSS-14) and ranges from 0-56.
a
Early to mid-pregnancy change in stress defined as No meaningful change = within ±2 point change, 
 Decrease = below -2 point change and Increase = above 2 point change in PSS-14 scores. 
b
Any Glucose Abnormality classified as None = no glucose intolerance, AGT = at least abnormal glucose tolerance, 
 IGT= at least impaired glucose tolerance, and GDM = diagnosis of Gestational Diabetes Mellitus.
c
p -values from Fishers test if expected cell counts <5.
d
p-values from Monte Carlo estimate for Fisher's exact test.
AGT IGT GDM
Any Glucose Abnormality
b
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Table 2.10. Multivariable Odds Ratios for Abnormal Glucose Intolerance; Proyecto Buena Salud, Western Massachusetts, 2006-2011. 
 
 
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Early Pregnancy 
Perceived stress 833
1
st
 quartile (3-21) 1.0 1.0 1.0 1.0 referent
b
2
nd
 quartile (22-26) 0.8 (0.5, 1.3) 0.9 (0.5, 1.5) 0.9 (0.5, 1.6) 0.9 (0.5, 1.5)
3
rd
 quartile (27-30) 0.8 (0.4, 1.4) 1.0 (0.5, 1.8) 0.9 (0.5, 1.6) 0.8 (0.4, 1.5)
4
th
 quartile (31-48) 0.9 (0.5, 1.5) 1.0 (0.6, 1.8) 1.1 (0.6, 1.9) 1.0 (0.6, 1.9)
p-trend 0.61 0.83 0.90 0.95
Continuous stress score 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0)
Mid-pregnancy 
Perceived stress 760
1
st
 quartile (2-20) 1.0 1.0 1.0 1.0 referent
c
2
nd
 quartile (21-25) 1.3 (0.8, 2.2) 1.5 (0.8, 2.5) 1.5 (0.9, 2.6) 1.5 (0.8, 2.6)
3
rd
 quartile (26-30) 0.9 (0.5, 1.5) 1.0 (0.5, 1.7) 1.0 (0.5, 1.8) 0.9 (0.5, 1.6)
4
th
 quartile (31-47) 0.9 (0.5, 1.6) 1.0 (0.5, 1.7) 0.9 (0.5, 1.7) 0.9 (0.5, 1.7)
p-trend 0.45 0.63 0.57 0.53
Continuous stress score 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0)
Early to Mid-pregnancy
Change in stress
a
478
No change (-2 to 2) 1.0 1.0 1.0 1.0 referent
d
Decrease (-3 to -26) 1.1 (0.6, 2.1) 1.2 (0.6, 2.2) 1.1 (0.6, 2.2) 1.2 (0.6, 2.5)
Increase (3 to 19) 1.7 (0.9, 3.4) 1.5 (0.8, 3.1) 1.5 (0.7, 3.0) 1.5 (0.7, 3.1)
Change in stress
a
No change/decrease (-26 to 2) 1.0 1.0 1.0 1.0 referent
e
Increase (3 to 19) 1.6 (0.9, 2.8) 1.4 (0.8, 2.5) 1.4 (0.8, 2.5) 1.3 (0.7, 2.3)
Change in stress
a
1
st
 quartile (-26 to -6) 1.0 1.0 1.0 1.0 referent
d
2
nd
 quartile (-5 to -2) 1.0 (0.5, 2.1) 1.0 (0.5, 2.1) 1.0 (0.5, 2.2) 1.1 (0.5, 2.4)
3
rd
 quartile (-1 to 2) 0.7 (0.3, 1.7) 0.7 (0.3, 1.7) 0.7 (0.3, 1.7) 0.6 (0.3, 1.6)
4
th
 quartile (3 to 19) 1.5 (0.7, 3.0) 1.3 (0.6, 2.6) 1.3 (0.6, 2.7) 1.2 (0.5, 2.6)
p-trend 0.31 0.61 0.63 0.89
Continuous change score 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0)
Odds ratios (OR) and 95% Confidence Intervals (CI) calculated from multivariable logistic regression models.
Perceived stress is measured by Cohen's Perceived Stress Scale (PSS-14) and ranges from 0-56.
a
Early to mid-pregnancy change in stress defined as No meaningful change = within ±2 point change, 
 Decrease = below -2 point change and Increase = above 2 point change in PSS-14 scores.
b
Additionally adjusted for education, living situation, generation in the U.S., language, parity and history of adverse pregnancy outcomes.
c
Additionally adjusted for education, generation in the U.S., language and history of adverse pregnancy outcomes.
d
Additionally adjusted for marital status, living situation, parity and history of adverse pregnancy outcomes.
e
Additionally adjusted for history of adverse pregnancy outcomes.
f
Women with glucose levels >135mg/dL from a 50g, 1-hour glucose tolerance test were classified as Abnormal Glucose Tolerance.   
Abnormal Glucose Tolerance
f
referent
referent referent
referent
referent
Unadjusted Age-Adjusted Age and BMI-adjusted Fully Adjusted
referent
referent
referent
referent
referent referent
referent
referent
referent
referent
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Table 2.11. Multivariable Odds Ratios for Impaired Glucose Intolerance; Proyecto Buena 
Salud, Western Massachusetts, 2006-2011. 
  
 
OR 95% CI OR 95% CI OR 95% CI
Early Pregnancy 
Perceived stress 
1
st
 quartile (3-21) 1.0 referent 1.0 referent 1.0 referent
2
nd
 quartile (22-26) 0.8 (0.4, 1.7) 1.0 (0.5, 2.1) 1.0 (0.5, 2.1)
3
rd
 quartile (27-30) 0.4 (0.2, 1.0) 0.5 (0.2, 1.4) 0.5 (0.2, 1.4)
4
th
 quartile (31-48) 1.1 (0.6, 2.2) 1.5 (0.7, 3.0) 1.4 (0.7, 2.9)
p-trend 0.92 0.48 0.56
Continuous stress score 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0)
Mid-pregnancy
Perceived stress 
1
st
 quartile (2-20) 1.0 referent 1.0 referent 1.0 referent
2
nd
 quartile (21-25) 1.9 (0.9, 4.1) 2.3 (1.0, 5.3) 2.3 (1.0, 5.3)
3
rd
 quartile (26-30) 1.3 (0.5, 2.9) 1.6 (0.7, 3.8) 1.6 (0.7, 3.9)
4
th
 quartile (31-47) 0.9 (0.3, 2.2) 1.0 (0.4, 2.6) 0.9 (0.3, 2.4)
p-trend 0.65 0.88 0.74
Continuous stress score 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0)
Early to Mid-pregnancy 
Change in stress
a
No change (-2 to 2) 1.0 referent 1.0 referent 1.0 referent
Decrease (-3 to -26) 1.5 (0.5, 4.4) 1.6 (0.5, 4.8) 1.7 (0.5, 5.1)
Increase (3 to 19) 2.9 (1.0, 8.5) 2.4 (0.8, 7.3) 2.6 (0.9, 8.0)
Change in stress
a
No change/decrease (-26 to 2) 1.0 referent 1.0 referent 1.0 referent
Increase (3 to 19) 2.2 (1.0, 4.9) 1.8 (0.8, 4.1) 1.9 (0.8, 4.3)
Change in stress
a
1
st
 quartile (-26 to -6) 1.0 referent 1.0 referent 1.0 referent
2
nd
 quartile (-5 to -2) 0.7 (0.2, 2.1) 0.6 (0.2, 2.0) 0.6 (0.2, 1.9)
3
rd
 quartile (-1 to 2) 0.4 (0.1, 1.7) 0.4 (0.1, 1.6) 0.4 (0.1, 1.5)
4
th
 quartile (3 to 19) 1.6 (0.6, 4.1) 1.2 (0.4, 3.3) 1.2 (0.4, 3.3)
p-trend 0.32 0.66 0.64
Continuous change score 1.0 (0.9, 1.1) 1.0 (0.9, 1.0) 1.0 (0.9, 1.0)
Odds ratios (OR) and 95% Confidence Intervals (CI) calculated from multivariable logistic regression models.
Perceived stress is measured by Cohen's Perceived Stress Scale (PSS-14) and ranges from 0-56.
a
Early to mid-pregnancy change in stress defined as No meaningful change = within ±2 point change, 
 Decrease = below -2 point change and Increase = above 2 point change in PSS-14 scores.
b
Women with glucose levels >135mg/dL from a 50g, 1-hour glucose tolerance test, and exceeded at least 
 one cut-point on the 100g 3-hour oral glucose tolerance test were classified as Impaired Glucose Tolerance.
Age and BMI-Adjusted
Impaired Glucose Tolerance
b
Unadjusted Age-Adjusted
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Table 2.12 Multivariable Odds Ratios for Gestational Diabetes Mellitus; Proyecto Buena 
Salud, Western Massachusetts, 2006-2011. 
 
OR 95% CI OR 95% CI OR 95% CI
Early Pregnancy 
Perceived stress 833
1
st
 quartile (3-21) 1.0 referent 1.0 referent 1.0 referent
2
nd
 quartile (22-26) 0.6 (0.3, 1.4) 0.8 (0.3, 1.9) 0.8 (0.3, 1.9)
3
rd
 quartile (27-30) 0.3 (0.1, 1.0) 0.5 (0.2, 1.5) 0.5 (0.1, 1.5)
4
th
 quartile (31-48) 0.8 (0.4, 1.8) 1.1 (0.5, 2.6) 1.1 (0.4, 2.5)
p-trend 0.43 0.997 0.89
Continuous stress score 1.0 (0.9, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0)
Mid-pregnancy 
Perceived stress 760
1
st
 quartile (2-20) 1.0 referent 1.0 referent 1.0 referent
2
nd
 quartile (21-25) 2.3 (0.9, 5.8) 3.0 (1.1, 8.2) 3.0 (1.1, 8.2)
3
rd
 quartile (26-30) 1.3 (0.5, 3.7) 1.8 (0.6, 5.2) 1.7 (0.6, 5.2)
4
th
 quartile (31-47) 0.9 (0.3, 2.8) 1.0 (0.3, 3.3) 0.8 (0.2, 2.9)
p-trend 0.63 0.86 0.68
Continuous stress score 1.0 (0.9, 1.0) 1.0 (0.9, 1.0) 1.0 (0.9, 1.0)
Early to Mid-pregnancy 
Change in stress
a
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No change (-2 to 2) 1.0 referent 1.0 referent 1.0 referent
Decrease (-3 to -26) 1.0 (0.3, 3.6) 1.1 (0.3, 4.0) 1.2 (0.3, 4.5)
Increase (3 to 19) 3.0 (0.9, 9.8) 2.3 (0.7, 8.1) 2.7 (0.8, 9.6)
Change in stress
a
No change/decrease (-26 to 2) 1.0 referent 1.0 referent 1.0 referent
Increase (3 to 19) 3.0 (1.2, 7.4) 2.2 (0.9, 5.8) 2.5 (0.9, 6.5)
Change in stress
a
1
st
 quartile (-26 to -6) 1.0 referent 1.0 referent 1.0 referent
2
nd
 quartile (-5 to -2) 0.8 (0.2, 3.2) 0.7 (0.2, 3.1) 0.7 (0.2, 2.9)
3
rd
 quartile (-1 to 2) 0.5 (0.1, 2.9) 0.5 (0.1, 2.7) 0.4 (0.1, 2.4)
4
th
 quartile (3 to 19) 2.3 (0.7, 7.6) 1.6 (0.5, 5.7) 1.6 (0.5, 5.8)
p-trend 0.12 0.35 0.32
Continuous change score 1.0 (1.0, 1.1) 1.0 (0.9, 1.1) 1.0 (0.9, 1.1)
Odds ratios (OR) and 95% Confidence Intervals (CI) calculated from multivariable logistic regression models.
Perceived stress is measured by Cohen's Perceived Stress Scale (PSS-14) and ranges from 0-56.
a
Early to mid-pregnancy change in stress defined as No meaningful change = within ±2 point change, 
 Decrease = below -2 point change and Increase = above 2 point change in PSS-14 scores.
b
Women with glucose levels >135mg/dL from a 50g, 1-hour glucose tolerance test, and exceeded at least two 
 cut-points on the 100g 3-hour oral glucose tolerance test were classified as Gestational Diabetes Mellitus.
Gestational Diabetes Mellitus
b
Age-Adjusted Age and BMI-AdjustedUnadjusted
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Table 2.13. Multivariable Odds of Any Glucose Abnormality during Pregnancy using Multinomial Logistic Regression; Proyecto Buena 
Salud, Western Massachusetts, 2006-2011. 
 
 
OR OR OR OR OR OR OR OR OR 95% CI
Early Pregnancy 
Perceived stress
1
st
 quartile (3-21) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 referent
2
nd
 quartile (22-26) 0.8 (0.4, 1.6) 0.8 (0.4, 1.7) 0.8 (0.4, 1.8) 1.5 (0.4, 5.3) 1.7 (0.5, 6.0) 1.7 (0.5, 6.0) 0.6 (0.3, 1.4) 0.8 (0.3, 1.9) 0.8 (0.3, 1.9)
3
rd
 quartile (27-30) 1.2 (0.6, 2.4) 1.3 (0.7, 2.7) 1.2 (0.6, 2.5) 0.6 (0.1, 3.3) 0.7 (0.1, 4.1) 0.7 (0.1, 3.9) 0.3 (0.1, 1.1) 0.5 (0.2, 1.6) 0.5 (0.1, 1.5)
4
th
 quartile (31-48) 0.7 (0.3, 1.4) 0.7 (0.3, 1.6) 0.8 (0.3, 1.7) 2.0 (0.6, 6.8) 2.4 (0.7, 8.3) 2.4 (0.7, 8.3) 0.8 (0.4, 1.8) 1.1 (0.5, 2.7) 1.1 (0.5, 2.6)
p-trend 0.55 0.76 0.72 0.40 0.26 0.27 0.42 0.97 0.94
Continuous stress score 1.0 (0.9, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.0 (0.9, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0)
Mid-pregnancy 
Perceived stress
1
st
 quartile (2-20) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 referent
2
nd
 quartile (21-25) 1.0 (0.5, 2.0) 1.0 (0.5, 2.1) 1.1 (0.5, 2.2) 1.2 (0.3, 5.0) 1.4 (0.3, 5.5) 1.3 (0.3, 5.5) 2.3 (0.9, 5.8) 3.1 (1.1, 8.3) 3.1 (1.1, 8.4)
3
rd
 quartile (26-30) 0.7 (0.3, 1.4) 0.7 (0.3, 1.5) 0.7 (0.3, 1.5) 1.1 (0.3, 4.5) 1.2 (0.3, 5.1) 1.3 (0.3, 5.3) 1.3 (0.5, 3.6) 1.7 (0.6, 5.1) 1.7 (0.6, 5.1)
4
th
 quartile (31-47) 0.9 (0.4, 1.8) 0.9 (0.5, 1.9) 0.9 (0.5, 1.9) 0.9 (0.2, 4.1) 1.0 (0.2, 4.3) 0.9 (0.2, 4.3) 0.9 (0.3, 2.8) 1.0 (0.3, 3.3) 0.8 (0.2, 2.9)
p-trend 0.55 0.62 0.59 0.89 0.96 0.95 0.60 0.82 0.65
Continuous stress score 1.0 (0.9, 1.0) 1.0 (0.9, 1.0) 1.0 (0.9, 1.0) 1.0 (0.9, 1.1) 1.0 (0.9, 1.1) 1.0 (0.9, 1.1) 1.0 (0.9, 1.0) 1.0 (0.9, 1.0) 1.0 (0.9, 1.0)
Early to Mid-pregnancy
Change in stress
a
No change (-2 to 2) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 referent
Decrease (-3 to -26) 1.0 (0.4, 2.1) 1.0 (0.5, 2.1) 0.9 (0.4, 2.0) 3.4 (0.4, 29.6) 3.4 (0.4, 29.7) 3.4 (0.4, 29.6) 1.0 (0.3, 3.7) 1.1 (0.3, 4.1) 1.2 (0.3, 4.5)
Increase (3 to 19) 1.2 (0.5, 2.9) 1.2 (0.5, 2.7) 1.0 (0.4, 2.5) 2.5 (0.2, 27.7) 2.4 (0.2, 27.1) 2.4 (0.2, 27.0) 3.1 (0.9, 10.2) 2.4 (0.7, 8.5) 2.7 (0.8, 9.7)
Change in stress
a
No change/decrease (-26 to 2) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 referent
Increase (3 to 19) 1.3 (0.6, 2.1) 1.2 (0.6, 2.4) 1.1 (0.5, 2.3) 1.0 (0.2, 5.1) 1.0 (0.2, 5.0) 1.0 (0.2, 5.0) 3.1 (1.2, 7.5) 2.3 (0.9, 6.0) 2.5 (0.9, 6.5)
Continuous change score 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 0.9 (0.9, 1.0) 0.9 (0.9, 1.0) 0.9 (0.9, 1.0) 1.0 (1.0, 1.1) 1.0 (0.9, 1.1) 1.0 (0.9, 1.1)
Odds ratios (OR) and 95% Confidence Intervals (CI) calculated from multinomial logistic regression models.
Compared to no glucose intolerance.
Perceived stress is measured by Cohen's Perceived Stress Scale (PSS-14) and ranges from 0-56.
a
Early to mid-pregnancy change in stress defined as No meaningful change = within ±2 point change, Decrease = below -2 point change and Increase = above 2 point change in PSS-14 scores. 
b
Women with glucose levels >135mg/dL from a 50g, 1-hour glucose tolerance test were classified as Abnormal Glucose Tolerance.
c
Women with glucose levels >135mg/dL from a 50g, 1-hour glucose tolerance test, and exceeded at least one cut-point on the 100g 3-hour oral glucose tolerance were classified as Impaired Glucose Tolerance.
d
Women with glucose levels >135mg/dL from a 50g, 1-hour glucose tolerance test, and exceeded at least two cut-points on the 100g 3-hour oral glucose tolerance test were classified as Gestational Diabetes Mellitus.
Gestational Diabetes Mellitus
d
Impaired Glucose Tolerance
c
Abnormal Glucose Tolerance
b
referent
referent
referent
referent
referent
referent referent
referent
referent referent
referent
referent referent
referent
referent referent
referent
referent
Age and BMI-adjustedAge-adjusted Unadjusted
referent referent referent referent referent
Age and BMI-adjustedAge-adjusted Unadjusted
95% CI 95% CI 95% CI 95% CI 95% CI
referent
referent
referent
Unadjusted Age-adjusted 
95% CI
referent
referent referent
referent
referent
referent
95% CI
Age and BMI-adjusted
95% CI
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Table 2.14. Multivariable Linear Regression for Screening Glucose Levels during 
Pregnancy; Proyecto Buena Salud, Western Massachusetts, 2006-2011. 
 
  
Beta
a
SE p -value Beta
a
SE p -value Beta
a
SE p -value
Early Pregnancy 
Perceived stress
1
st
 quartile (3-21)
2
nd
 quartile (22-26) -4.9 2.5 0.05 -3.8 2.4 0.12 -3.7 2.4 0.13
3
rd
 quartile (27-30) -5.8 2.7 0.03 -4.0 2.7 0.14 -4.7 2.7 0.08
4
th
 quartile (31-48) -3.3 2.6 0.20 -1.9 2.5 0.46 -1.9 2.5 0.46
Continuous stress score -0.2 0.1 0.09 -0.1 0.1 0.34 -0.1 0.1 0.33
Mid-pregnancy
Perceived stress 
1
st
 quartile (2-20)
2
nd
 quartile (21-25) -0.2 2.7 0.93 0.9 2.6 0.73 0.8 2.6 0.76
3
rd
 quartile (26-30) -4.0 2.7 0.14 -2.7 2.6 0.30 -2.7 2.6 0.30
4
th
 quartile (31-47) -4.6 2.7 0.09 -3.8 2.6 0.16 -3.7 2.7 0.16
Continuous stress score -0.3 0.1 0.02 -0.2 0.1 0.05 -0.2 0.1 0.06
Early to Mid-pregnancy 
Change in stress
a
No change (-2 to 2)
Decrease (-3 to -26) 1.8 3.0 0.55 1.9 2.9 0.51 1.8 2.9 0.53
Increase (3 to 19) 7.9 3.4 0.02 6.5 3.3 0.05 6.6 3.3 0.05
Change in stress
a
No change/decrease (-26 to 2)
Increase (3 to 19) 6.9 2.9 0.02 5.3 2.8 0.06 5.5 2.8 0.05
Change in stress
a
1
st
 quartile (-26 to -6)
2
nd
 quartile (-5 to -2) -3.3 3.5 0.35 -3.4 3.4 0.32 -3.5 3.4 0.31
3
rd
 quartile (-1 to 2) -4.8 3.7 0.20 -5.0 3.6 0.17 -5.1 3.6 0.16
4
th
 quartile (3 to 19) 4.1 3.6 0.25 2.5 3.5 0.47 2.6 3.5 0.46
Continuous change in stress 0.1 0.2 0.44 0.1 0.2 0.69 0.1 0.2 0.65
Perceived stress is measured by Cohen's Perceived Stress Scale (PSS-14) and ranges from 0-56.
a
Early to mid-pregnancy change in stress defined as No meaningful change = within ±2 point change, 
Decrease = below -2 point change and Increase = above 2 point change in PSS-14 scores. 
b
Beta coefficients from multiple linear regression models.
SE, standard error.
referent referent referent
referent
referent
referent
referent
referent
referent referent referent
Age and BMI-Adjusted
referent
Screen Glucose Level
referent
Unadjusted Age-Adjusted
referent referent
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CHAPTER 3  
THE ASSOCIATION OF PSYCHOSOCIAL FACTORS WITH ORAL DISEASE AND 
ORAL HEALTHCARE UTILIZATION AMONG PREGNANT WOMEN 
Introduction: Public Health Impact  
Oral health is increasingly recognized as an important public health issue (177, 178). By 
definition, oral health indicates the absence of chronic oral-facial pain conditions, oral and 
pharyngeal (throat) cancers, oral soft tissue lesions, birth defects such as cleft lip and palate, and 
other disorders that affect the oral, dental, and craniofacial tissues (179). Dental caries (tooth 
decay) and periodontal disease contribute to a major proportion of the oral disease burden, 
manifesting as tooth loss. Untreated oral disease may be characterized by pain, discomfort, 
difficulty in eating and malnutrition, negative effects on self-esteem and mental health, as well as 
poor overall quality of life (180). Every year, oral disease contributes to 6.1 million days of bed 
disability, 12.7 million days of restricted activity, and 20.5 million lost workdays (179). 
Additionally, increasing evidence supports a link between oral health and systemic conditions 
such as diabetes, heart disease and stroke, and adverse pregnancy outcomes (181). Oral diseases 
are largely preventable. Increased oral healthcare utilization can be effective in reducing the risk 
of oral disease. However, despite potential benefits, rates of oral healthcare utilization are modest. 
Approximately 61.1% of adults aged 18-64 years reported an annual dental visit in 2010 (182). 
Moreover, use of oral healthcare services vary widely among diverse population groups, with the 
lowest frequency of dental visits among non-Hispanic Blacks, Hispanics, and American Indians 
and Alaska Natives. This variation in oral healthcare utilization and access to care exacerbated by 
lack of community programs such as fluoridated water supplies, dental insurance, transportation 
to dental clinics, and difficulty in getting time off work may be responsible for existing oral 
health disparities among certain population groups with respect to age, sex, socioeconomic status, 
race/ethnicity and geographic location (183). Significant disparities exist even in maternal oral 
health experiences. Women of racial/ethnic minorities such as Hispanic women are more likely to 
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experience oral diseases and less likely to utilize dental services during pregnancy (rates of 13%) 
(179) as compared to non-Hispanic White women (184, 185).  
Pregnant women are at a particularly high risk for poor oral health outcomes. Important 
contributors to risk of dental caries during pregnancy may include increased acidity in the oral 
cavity, tendency to consume sweet foods, and neglect of oral hygiene (186). Approximately 
20.2% of women aged 20 to 62 years report untreated dental caries (182); comparatively 25% of 
women of reproductive age report dental caries (187) in the United States. Although evidence 
confirming an increase in dental caries during pregnancy is limited, studies suggest that alteration 
in the oral environment during pregnancy may increase the risk of dental caries (188-190). 
Hormonal changes during pregnancy can exaggerate the gingival (gum) response to plaque 
accumulation and lead to increased risk of inflammation (191). Increased levels of hormones such 
as progesterone and estrogen may affect the tooth supporting structures, leading to greater tooth 
loss (192). Existing gingivitis and periodontitis may be worsened by fluctuating hormone levels, 
as well as through alteration of oral flora and a diminished immune response (193). Studies have 
shown a greater incidence of gingival inflammation among pregnant women as compared to non-
pregnant women (194-197). Approximately 6.4% of women aged 20-64 years (198) report 
periodontal disease, whereas 37–46% of women of reproductive age, and up to 30% of pregnant 
women are affected by periodontal disease (187). Pregnancy oral health can have significant short 
and long term influences on maternal and fetal health. Short term effects of maternal periodontal 
disease may include adverse pregnancy and neonatal outcomes such as preterm birth (199-203), 
low birth weight (199-201, 203), intrauterine growth restriction or small-for-gestational age 
(200), preeclampsia (200, 202, 204), miscarriage or pregnancy loss (205, 206), and gestational 
diabetes (207, 208). High bacterial titers in maternal saliva may lead to direct vertical 
transmission of cariogenic bacteria from mother to the child, thus elevating the risk for early 
childhood caries in the long term (209, 210). Improved maternal oral health may lead to reduced 
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costs associated with perinatal morbidity and mortality (200), as well as those associated with 
treatment of early childhood caries (203, 211). 
Despite the higher prevalence of oral disease, pregnant women use dental services less 
frequently and at lower rates than the general population. Several studies of oral healthcare 
utilization have shown that less than one half (35–50%) of women visit the dentist during 
pregnancy (184, 212-216). Barriers to dental care during pregnancy have been attributed to 
general barriers such as lack of dental insurance and awareness of the importance of oral health, 
as well as pregnancy-specific barriers such as fear of harm to the fetus, lack of perceived need for 
treatment, provider’s hesitancy to treat pregnant women, difficulty in access to care, and narrow 
treatment window during the second trimester (211, 217).  
Prior research on risk factors for oral health has predominantly focused on biological and 
behavioral factors (218), which do not completely account for the observed socioeconomic and 
racial disparities in oral health. Therefore, there has been increasing interest in exploring the role 
of psychosocial determinants of oral disease and oral healthcare utilization. Prior studies have 
reported a prevalence of 20% (compared to a national average of 26%) of a mental health 
disorder among adult patients seeking general dental care, the most common being depression 
(219). Psychosocial factors such as anxiety and depression may contribute to the risk of oral 
disease through 1) direct pathophysiological effects on host resistance via immunologic and 
neuroendocrine mechanisms, and through 2) behavioral mechanisms via an indirect effect of 
lifestyle factors and health behaviors (e.g. poor oral hygiene, changes in diet, increase in 
smoking, etc.), which are known to potentiate oral disease (220-222). In terms of oral healthcare 
utilization, the proposed mechanism linking psychosocial factors and oral healthcare utilization is 
likely explained by socio-behavioral models such as the Health Belief Model (HBM) (223). 
Factors such as perceived susceptibility and severity as well as perceived benefits and barriers 
may influence the likelihood of dental care seeking behaviors among individuals who are anxious 
or depressed.  
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Although prior epidemiologic research on the association between anxiety, depression 
and oral disease among pregnant women has not been conducted, a rapidly increasing body of 
literature has explored this association among the non-pregnant population (220, 221, 224-227). 
Out of the four studies that specifically examined the relationship between depression and risk of 
tooth loss (224-227), two found a positive association between depression and tooth loss (224, 
227), whereas the other two studies were null (225, 226). Only one study examined the impact of 
anxiety and found an increased risk of tooth loss among those with lifetime diagnosed anxiety 
(227). In terms of oral healthcare utilization, two prior studies which examined the effect of 
current depression on the frequency of dental visits (227, 228) found an inverse association, while 
one study (229) found a positive association between depression and dental visits. Findings were 
similarly conflicting for anxiety, with one study suggesting a positive association between anxiety 
and dental visits (229), while two studies found no association (227, 228). Several limitations 
include differences in instruments measuring anxiety and depression, wide variability in oral 
health assessment ranging from self-reported questionnaires to clinical examination of disease, 
different population groups under study, and limited statistical power in some studies due to low 
sample sizes. Finally, no studies have examined these associations among pregnant women.  
Given the high risk of oral disease during pregnancy and its associated adverse effects on 
perinatal outcomes, identifying modifiable risk factors for oral diseases and oral healthcare 
utilization is essential to prevent poor oral health outcomes among pregnant women. Therefore, 
we examined the association between anxiety and depression and risk of oral disease and oral 
healthcare utilization among a population of pregnant women and evaluated if this relationship 
varies by ethnicity (i.e., Hispanic vs. non-Hispanic). We extended the prior literature by 
examining the association between anxiety and depression and risk of oral disease and oral 
healthcare utilization in a nationally representative sample of pregnant women. We used validated 
instruments to assess current depression, and doctor-diagnosed lifetime anxiety and depression. 
We employed widely used self-reported measures for oral disease and oral healthcare utilization. 
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Physiologic Mechanisms 
Physiology of Anxiety, Depression and Oral diseases 
Psychosocial factors such as anxiety and depression may contribute to the risk of poor 
oral health through two hypothesized mechanisms: 1) direct pathophysiological effects on host 
resistance through immunologic and neuroendocrine mechanisms, and 2) through behavioral 
mechanisms via an indirect effect of lifestyle factors and health behaviors (e.g. poor oral hygiene, 
negative changes in diet, increase in smoking, etc.) which are known to potentiate oral disease.  
Immunological dysregulation has been postulated as a primary biologic mechanism for 
the effect of anxiety and depression on oral disease in non-pregnant populations. Strong evidence 
supports the role of anxiety and depression in increased production of pro-inflammatory 
cytokines such as IL-6 (230-234). Normal cytokine production is responsible for regulation of the 
immune response to injury and infection. Negative emotions such as anxiety or depression can 
either directly up or down regulate secretion of proinflammatory cytokines or indirectly 
contribute to prolonged infections or delayed wound healing, which in turn boosts 
proinflammatory cytokine production. The mechanisms associated with inflammation are 
important in resolving infection and tissue damage, however persistent or chronic levels of 
inflammation may lead to pathological changes. Human studies have shown that chronic anxiety 
can have an adverse impact on the immune system (235-238) and lead to damaged cellular and 
humoral immune responses (237, 239, 240), ultimately increasing susceptibility to bacterial and 
viral infections (241, 242). The effect of anxiety has found to be independent of depression, 
suggesting an anxiety-specific influence on the immune system (243). Similarly, depression is 
associated with alterations in the immune system causing changes in the number and function of 
immune cells, and loss of non-specific and specific cellular immune responses brought about by 
the excessive secretion of the proinflammatory cytokines characteristic of depressed individuals 
(244-248). Alterations in the host response to infection by anxiety or depression may lead to 
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increased colonization and susceptibility to cariogenic (caries-causing) and periodontal pathogens 
and cause gingival and periodontal infections (249). 
Through neuroendocrine mechanisms, both anxiety and depression can activate the 
hypothalamic-pituitary-adrenal medullary and hypothalamic-pituitary-adrenocortical (HPA) axes 
(250), which can have profound impacts on immune function. These effects are mediated through 
release of hormones such as cortisol, growth hormone, and catecholamines (adrenaline and 
noradrenaline) (251). Hypercortisolemia has been found to be associated with adverse 
immunologic changes (252) and delayed wound healing (253). Lower levels of growth hormone 
as well as altered gene expression are found among depressed individuals (254), thus inhibiting 
its general immune enhancing function (255). Lastly, although transient increases in 
catecholamine levels may be beneficial; long-term elevated levels are responsible for down 
regulating the immune system (255). 
Effects of anxiety and depression may be exaggerated during pregnancy, especially due 
to substantial differences in the functioning of the immune and neuroendocrine systems during 
pregnancy. The extent to which the above mechanisms apply to pregnant women is unknown. 
However, several prior studies examining psychosocial factors among pregnant women found 
that greater levels of stress and depression predicted exaggerated production of IL-1β and IL-6 by 
lymphocytes (256-260). There is also evidence demonstrating attenuation in the reactivity to the 
stress response during pregnancy (261). Thus, existing data support the application of the above 
mechanism among pregnant women.  
In addition to direct mechanisms, anxious and depressed individuals are more likely to 
indulge in negative health behaviors that place them at higher risk for oral diseases. Anxious 
disorders are characterized by excessive feelings of apprehension, uncertainty or fear which 
typically interferes with daily functioning. Similarly, depression is characterized by a declining 
interest in all activities, accompanied by decreased energy and motivation, as well as negative 
self-views. These negative feelings may have an unfavorable effect on oral hygiene habits and 
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compliance with treatment recommendations (262, 263). In addition, depression has been 
associated with decreased serotonin metabolism, which in turn is associated with increased 
likelihood of consumption of carbohydrates (particularly snack foods, such as potato chips or 
pastries, which are rich in carbohydrates and fats) (264). The presence of substrate for cariogenic 
bacteria provides favorable conditions for the development and progression of caries (265, 266). 
Furthermore, depressive symptoms are found to favor growth of salivary lactobacilli (267), thus 
increasing dental infection, and potentially increasing the risk of tooth loss. Anxiety and 
depression may also lead to an increased propensity for harmful behaviors such as smoking (268) 
and bruxism (teeth grinding) (269, 270) which have been associated with poor oral health (271, 
272). Finally, medications used for treatment of anxiety and depression may cause a decrease in 
the composition and rate of secretion of gingival fluid and saliva, thus further increasing 
susceptibility to oral diseases (249, 273, 274).  
In summary, pathophysiological and behavioral mechanisms support the hypotheses that 
anxiety and depression during pregnancy are positively associated with oral diseases. 
 
Physiology of Anxiety, Depression and Oral Healthcare Utilization  
The HBM (223) can be used to explaining the behavioral mechanisms underlying the 
association between anxiety and depression and oral healthcare utilization. According to the 
HBM, individuals’ health behaviors are dictated by feelings of susceptibility to disease (perceived 
susceptibility), as well as feelings about the seriousness of the condition or of leaving it untreated 
(perceived severity). Their health actions are also motivated by the degree of beliefs regarding 
perceived benefits and the expected reduction of actions, as long as that possible reduction 
outweighs practical and perceived psychological barriers to taking action (net benefits) (223). 
Thus, overall behavioral changes are motivated by interplay of perceived susceptibility, perceived 
severity, perceived benefits, and perceived barriers.  
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When applying the HBM to predict the effect of psychosocial factors on oral healthcare 
utilization, there should be an understanding of how susceptible the target population feels to the 
health problem (in this case oral disease), whether they believe it is serious, and whether they 
believe seeking action in the form of dental visits for either preventive action or treatment, can 
reduce the threat at an acceptable cost. Several studies have employed the HBM or its constructs 
in the study of oral health behaviors (275-278); however we did not find its direct application in 
studies determining psychosocial factors associated with oral healthcare utilization. Therefore, we 
included studies that utilized similar concepts in the HBM to explain the usefulness of this 
behavioral model as an underlying mechanism for our proposed hypotheses. To be interested in 
seeking oral healthcare, a pregnant woman must first believe there is a likelihood of getting oral 
disease (perceived susceptibility). Studies have found that pregnant women generally exhibit a 
fair awareness of the importance of oral healthcare for themselves and their children (211). 
Anxious pregnant women may chronically worry about oral health, and may thus feel increased 
susceptibility to oral disease (279), and may thus be more likely to seek oral healthcare. On the 
other hand, depressed pregnant women may suffer from lack of interest in maintaining good oral 
health, thus not perceiving themselves to be susceptible to oral disease, and may be less likely to 
seek oral healthcare. Pregnant women report lack of access to preventive information through 
dental providers. Other barriers include lack of dental insurance, high associated costs, doubts 
regarding safety of dental treatment and negative prior dental experiences (211). Barriers specific 
to Hispanic women include cultural and linguistic factors, unfamiliarity, fear, or mistrust of health 
care system (280). In order to seek oral healthcare, pregnant women must believe that the 
anticipated barriers (perceived barriers) to practicing these preventive or therapeutic practices are 
outweighed by the benefits (223).   
To summarize, behavioral models favor the hypotheses that anxiety may be positively 
associated with oral healthcare utilization, while depression may be inversely associated with oral 
healthcare utilization.   
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Epidemiologic Research 
Epidemiological studies examining the association between anxiety, depression and oral disease 
To our knowledge, no studies have examined the association between anxiety and 
depression and risk of oral disease among pregnant women. Of the published literature in non-
pregnant populations, four studies focused on tooth loss (224-227), while three focused on dental 
caries (188-190). Two of these studies found a positive relationship between depression and tooth 
loss (224, 227), whereas the other two found no association (225, 226). These studies 
predominantly focused on depression, with only one study (227) examining the impact of anxiety 
on tooth loss. Tooth loss can be attributed to dental caries or periodontal disease; therefore we 
have included literature examining these dental outcomes among the non-pregnant population in 
our review of the literature. Two review articles on this topic concluded that studies were sparse 
and conflicting for the association between anxiety, depression and periodontal disease (220, 
221). 
In the first large-scale study, Okoro et al. investigated the association between anxiety, 
depression and self-reported oral health and healthcare utilization among 80,486 (52% female) 
non-institutionalized U.S. adult participants from the 2008 Behavioral Risk Factor Surveillance 
System (BRFSS) survey (227). Data were collected by trained telephone interviewers. A 
modified version of the Patient Health Questionnaire 8 (PHQ-8) was used to collect data on 
current depression, while lifetime diagnoses of anxiety and depression were assessed using two 
single-item questions. Data were also collected on the number of permanent teeth lost due to 
dental decay or gum disease as well as the frequency of dental visits and teeth cleaning. 
Those with current depression (prevalence ratio (PR) =1.2; 95% confidence interval (CI): 
1.2-1.3), and lifetime diagnoses of depression (PR=1.1; 95% CI: 1.1-1.2) and anxiety (PR=1.2; 
95% CI: 1.1-1.2) were significantly more likely to have at least one tooth removed than those 
without each disorder, when adjusted for socio-demographic factors and dental visit or cleaning 
in the past 12 months. Results were slightly attenuated, after further adjustment for behavioral 
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risk factors, body mass index (BMI), chronic disease history, use of assistive technology, and 
perceived social support. When analyzed as a nominal outcome, the adjusted odds of having 6–31 
teeth removed and 1-5 teeth removed vs. 0 teeth removed was approximately 1.8 times higher 
(odds ratio (OR)=1.8; 95% CI: 1.5-2.2) and 1.4 times higher (OR=1.4; 95% CI: 1.1-1.6) for those 
with current depression vs. those without. For both lifetime diagnosed anxiety (OR=1.3; 95% CI: 
1.1-1.5) and depression (OR=1.3; 95% CI: 1.1- 1.5), the odds of having 6–31 teeth removed vs. 0 
teeth removed were attenuated but remained significant. Although the study’s strengths included 
the use of a large sample of U.S. community-dwelling adults, the authors did not provide results 
for pregnant women. Pregnancy represents a unique phase, where women experience high rates 
of anxiety and depression as well as oral disease. To the extent that the mechanisms for the 
association between anxiety, depression and tooth loss differ among pregnant women, results 
from the above study may not apply to pregnant women. 
In another cross-sectional study, Hayashi et al. studied the effect of psychosocial factors 
on tooth loss among 252 Japanese male employees (aged 20-59 yrs.) (225). Depression was 
measured using the Center for Epidemiologic Studies Depression Scale (CES-D), while tooth loss 
was assessed via oral examination. Depression was not associated with tooth loss in both 
unadjusted analyses (OR=9.5; 95% CI: 0.5-2.8), as well as after adjustment for age, frequency of 
tooth brushing, snacking, work mental demand, and alexithymia (OR=2.0; 95% CI: 0.7-5.7). This 
study had several limitations. Approximately 252 out of the initial 274 employees (78.3%) had 
complete data. Therefore, a selection bias could have occurred, if employees with depression and 
greater tooth loss tended to not respond, and would bias results toward the null. Additionally, the 
inclusion of employees in the study sample could have led to the healthy worker bias, a form of 
selection bias observed in occupational epidemiology studies (281). Relatively healthier people 
tend to remain employed, thus generally excluding those who might suffer from major depression 
and tooth loss. Furthermore, the small sample size may have led to insufficient power to detect an 
association between depression and tooth loss. Finally, the study was restricted to males, which 
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largely limits generalizability to women. The underlying mechanism for the association between 
psychosocial factors and tooth loss may be different as risk of oral disease tends to differ by 
gender (282, 283). 
In a cross-sectional study among 45 periodontal patients (69% female), Rosania et al. 
examined the association between psychosocial factors, markers of periodontal disease, and 
behavior (224). Self-reported measures of health and oral hygiene, chronic stress, depression, and 
coping were collected through questionnaires. Depression was measured using the CES-D, and 
salivary samples were collected to measure circulating cortisol (CORT), prior to dental 
examination.  
Bivariate analyses showed a positive association between depression scores (7.7±9.4) and 
number of teeth lost (2.8±2.9; r=0.5; p<0.0001). Neglect of oral hygiene behavior such as tooth 
brushing or flossing during periods of depression was significantly correlated with the number of 
missing teeth (r=0.3; p<0.05). CORT was negatively associated with tooth loss (r=-0.3; p=0.05). 
In regression analyses, depression (β=0.7; t=4.7; p<0.001) was a significant predictor of tooth 
loss, after adjusting for gender, smoking, and brushing frequency. CORT was negatively 
associated with tooth loss in similar adjusted analyses (β=-0.3; t=-2.3; p=0.03). Findings show a 
significant association between depression, CORT and tooth loss. This study suffered from 
several limitations. The study population included patients who had undergone non-surgical 
periodontal therapy and were compliant and self-selected to participate. A selection bias could 
have occurred if respondents with high depression scores and poor periodontal health were more 
likely to participate, causing a bias away from the null.  
In summary, no studies have examined the association between anxiety and depression 
and risk of oral disease among pregnant women. Relatively few studies have examined this 
association in the non-pregnant adult population, with conflicting results. Previous research has 
been limited by variability in measurement of exposures and oral health outcomes, as well 
varying levels of issues with internal validity and limited power. Overall, studies have largely 
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focused on the relationship between depression and tooth loss; with few studies reporting a 
positive association (224, 227), while others finding no association (225, 226). Research on the 
influence of anxiety on oral health is sparse.      
 
Epidemiological studies examining the association between anxiety, depression and oral 
healthcare utilization  
Three studies examined the relationship among anxiety, depression and oral healthcare 
utilization among the non-pregnant population. Findings were consistent for an inverse 
association between depression and dental visits (227, 228), with conflicting results for anxiety. 
One study reported an increased likelihood of dentist attendance within the past year among those 
with anxiety (229), while two studies were null (227, 228). 
Using data from the 2008 BRFSS, Okoro et al. examined the relationship between 
anxiety, depression and oral healthcare utilization (227). When adjusted for socio-demographic 
factors, adults with current depression (PR=1.4; 95% CI: 1.3-1.5) and lifetime diagnosis of 
depression (PR=1.2, 95% CI: 1.1-1.2) were more likely to not report a dental or cleaning visit in 
the past year than those without each of the disorders. The association between nonuse of oral 
health services and current depression remained significant with further adjustment for health 
behaviors, medical history, BMI, and use of assistive technology; however, results were 
attenuated for adults with lifetime diagnosed depression. With further adjustment for perceived 
support, only those with current depression were significantly more likely to report non-use of 
dental services within the past year (PR=1.2; 95% CI: 1.1-1.3). There was no association between 
lifetime diagnosed anxiety and use of dental services.     
Similarly, Anttila et al. evaluated the association of anxiety, depression and dental health 
behavior among 8,463 adults (52% female) aged 31-32 years from the 1966 Northern Finland 
birth cohort (228). Participants were administered the Symptom Checklist-25 (SCL-25), a 25-
item self-report questionnaire about the presence and intensity of anxiety and depression 
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symptoms over the preceding week. Presence of anxiety was defined by an anxiety scale score of 
>1.75, whereas depression scale scores of 1.55 to 1.75 indicated mild depression and >1.75 major 
depression. Dental health behavior was assessed with tooth brushing frequency (at least twice a 
day vs. less frequently) and the frequency of dental visits (at least one in two yrs. vs. less 
frequently). When adjusted for gender, education, and family income, those with depressive 
symptoms were less likely to report brushing at least twice per day (relative risk (RR) =0.90; 95% 
CI: 0.85-0.96), and at least one dental check-up in two years (RR=0.95; 95% CI: 0.91-0.99), and 
more likely to report need for dental treatment (RR=1.25; 95% CI: 1.18-1.32) as compared to 
those with no depression. Similar results were found for the effect of anxiety on tooth brushing 
frequency (RR=0.91; 95% CI: 0.84-0.98) and self-perceived treatment need (RR=1.22; 95% CI: 
1.13-1.3), but not with dental check-ups (RR=0.99, 95% CI: 0.93-1.04).  
Although the study was conducted on a large representative sample from the general 
population in Finland, it suffered from several limitations. The cut-point of 1.75 in the SCL-25 
has shown poor sensitivity (17.9%) in the diagnosis of anxiety disorders and only modest 
sensitivity (40.3%) for mood disorders such as major depression (284), thus increasing the 
likelihood of false negatives. Finally, around 75.3% of those initially contacted responded to the 
questionnaire. A selection bias could have occurred if participation rates differed by exposure and 
outcome status. For example, if those who were depressed and had lower frequency of dental 
visits refused to participate in the study, this could lead to a bias away from the null.  
Marques-Vidal et al. examined the relationship between anxiety, depression and oral 
health status and care in a cross-sectional study among 388 young, predominantly female 
Portuguese health sciences students (229). Anxiety and depression were measured using a 
Portuguese adaptation of the Hospital Anxiety and Depression Scale (HADS). The oral health 
questionnaire included information about frequency of dental consultation in the past 12 months, 
in addition to other oral health behaviors. In unadjusted analyses, there was a positive relationship 
between anxiety, depression and dentist attendance; however no association was found for tooth 
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brushing, dentifrice (toothpaste) use or flossing. Multivariate analyses showed that anxious 
subjects reported an increased likelihood of dentist attendance (OR=2.2; 95% CI: 1.2-3.9) than 
non-anxious subjects when adjusted for age, curricular year, and gender. The effect of anxiety on 
dentist attendance remained significant even after adjustment for toothache and/or gum bleeding.  
An important limitation of this study includes the relatively low to moderate response 
rates (61%), which could have led to a selection bias if a greater proportion of anxious or 
depressed participants with poor oral health were more likely to complete the survey. In addition, 
dental behavior among the study population may not reflect that observed in the general 
population, as participants included health sciences students who demonstrate greater awareness 
of oral hygiene and dental behavior, as well as relatively high educational and socioeconomic 
status. Thus, findings may not be generalizable to all populations as the mechanism for dental 
service utilization may differ by socioeconomic status.    
In summary, in terms of oral healthcare utilization, findings have been consistent for an 
inverse association between depression and the frequency of dental visits, whereas the association 
for anxiety has remained inconclusive. Similar to studies on tooth loss, research on oral 
healthcare utilization has been sparse, and limited by varying instruments for exposure 
assessment.   
As evident in the preceding description of the epidemiology of anxiety, depression and 
oral disease and healthcare utilization, there is wide variability in the instruments used for 
measurement of anxiety and depression. Overlapping constructs among psychosocial factors such 
as stress, anxiety, and depression create difficulty in isolation of the specific domains of anxiety 
and depression. Studies have employed a range of different scales, spanning across single item 
questions to self-administered or interviewer-administered questionnaires with varying sensitivity 
and specificity for anxiety and depression. Similar variability is observed with measures of oral 
health status. Oral health outcomes in the reviewed studies have included clinical parameters for 
periodontal disease, as well as self-reported measures of tooth loss, gingival bleeding, toothache 
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and perceived oral health status. In addition to measuring different aspects of oral health, the use 
of varying definitions limits comparison of results across studies. Additional limitations include 
1) varying levels of issues with internal validity such as selection bias and information bias, 2) 
small sample sizes especially among studies assessing clinical periodontal disease, thus limiting 
power to detect some associations, and 3) wide range of populations studied limiting 
generalizability of findings due to differences in socioeconomic status. Finally, no studies were 
conducted among pregnant women, a population with high levels of anxiety and depression and 
at greater risk of oral disease.     
 
Summary 
Pregnant women experience a disproportionate burden of oral disease including dental 
caries and periodontal disease. Prior evidence suggests negative consequences in the form of 
pregnancy complications as well as long term effects of increased risk of childhood dental caries. 
Despite increased prevalence of oral disease during pregnancy, rates of oral healthcare utilization 
among pregnant women are considerably lower than those in the general population.    
Biologic evidence suggests that anxiety and depression may play a role in the 
development and progression of oral disease during pregnancy. Immunologic and neurohormonal 
mechanisms may contribute to the pathophysiology of oral health problems, although the exact 
mechanism remains unclear. Physiologic changes during pregnancy may be associated with 
exaggerated responses of the immune system to psychosocial influences. Additionally, anxiety 
and depression may indirectly affect the risk of oral disease through increase in negative 
behaviors such as neglect of oral hygiene, smoking, and increased consumption of complex 
carbohydrates. Behavioral mechanisms may play an important part in oral healthcare utilization 
among pregnant women.  
Epidemiologic studies of psychosocial risk factors and oral disease and oral healthcare 
utilization have not been conducted among pregnant women. Findings among non-pregnant 
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populations suggest an adverse influence of psychosocial factors on oral health, however results 
are conflicting. These studies suggest that depression may be positively associated with oral 
diseases and negatively associated with use of dental services. The role of anxiety in oral diseases 
remains unclear, while, some studies report an increased frequency of dental visits among those 
who are anxious. Overall, these studies were limited by varying degrees of biases, incomplete 
adjustment for confounders, and limited power. Finally, generalizability of study results to all 
populations may not be possible due to wide variations in exposure and outcome ascertainment, 
and socioeconomic differences in populations. 
Thus, there exists an important research gap in the identification of modifiable risk 
factors for oral disease among pregnant women, an understudied population with increased risk 
for oral health complications and its adverse outcomes during pregnancy. Therefore, the proposed 
study evaluated the relationship between anxiety and depression and risk of oral disease (as 
measured via tooth loss) and oral healthcare utilization (as measured via past year dental visits 
and/or teeth cleaning) among pregnant women and evaluated if this association varied by 
ethnicity.  
 
Specific Aims and Hypotheses 
In a non-institutionalized population of pregnant women, we proposed to: 
1. Examine the association between anxiety and depression and risk of tooth loss.  
a. Women with lifetime diagnosed anxiety will be more likely to have tooth loss, 
when compared with those without the disorder. 
b. Women with lifetime diagnosed depression will be more likely to have tooth 
loss, when compared with those without the disorder. 
c. Women with current major depressive disorder will be more likely to have tooth 
loss, when compared with those without the disorder. 
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d. Greater severity of current depressive symptoms will be positively associated 
with tooth loss.   
2. Examine the association between anxiety and depression and oral healthcare utilization. 
a. Women with lifetime diagnosed anxiety will be more likely to report use of oral 
health services, when compared with those without the disorder. 
b. Women with lifetime diagnosed depression will be less likely to report use of 
oral health services, when compared with those without the disorder. 
c. Women with current major depressive disorder will be less likely to report use of 
oral health services, when compared with those without the disorder. 
d. Greater severity of current depressive symptoms will be inversely associated with 
use of oral health services.   
3. Evaluate if the effect of anxiety and depression on tooth loss and oral healthcare 
utilization varies by ethnicity.  
a. The effect of anxiety and depression on tooth loss status and use of oral health 
services will be stronger for pregnant Hispanic women as compared to non-
Hispanic White women. 
 
Methods 
Study Design and Study Population 
We used data from the 2010 BRFSS, a state-based surveillance system established by the 
Centers for Disease Control (CDC) in 1984, to measure behavioral risk factors among the adult 
population (18 years of age or older) living in households (285). The overall objective of the 
BRFSS is to collect uniform state-specific data on preventive health practices and risk behaviors 
for chronic diseases, injuries, and preventable infectious diseases (286). All BRFSS 
questionnaires and data are available at http://www.cdc.gov/brfss. Briefly, an independent 
probability sample of households with telephones was selected from among the non-
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institutionalized U.S. adult population. Monthly telephone interviews were conducted by state 
health departments in accordance with guidelines provided by the CDC. Currently, data are 
collected monthly in all 50 states, the District of Columbia, Puerto Rico, the Virgin Islands, and 
Guam (286). In 2010, 51 states used a disproportionate stratified sample design, except for Guam, 
Puerto Rico, and the U.S. Virgin Islands, which used a simple random sample design. Data from 
each state are weighted to reflect the respondent’s probability of selection and the age and sex-
specific or race/ethnicity-, age- and sex specific population of the state. The representative state 
estimates are then aggregated.  
The BRFSS interviews consist of core questions asked in all states and territories, which 
includes oral health questions, as well as optional modules with questions on specific topics such 
as the anxiety and depression module (ADM) for mental illness. 
Eligibility 
Eligibility was restricted to adult households with a telephone connection in the United 
States. In 2010, 13 states administered the optional BRFSS ADM: Arizona, Georgia, Hawaii, 
Indiana, Louisiana, Mississippi, Missouri, Nevada, Puerto Rico, South Carolina, Vermont, 
Wisconsin, and Wyoming. Female respondents were asked about their current pregnancy status at 
the time of the survey. Therefore, the current analyses were limited to pregnant women with 
complete data on anxiety, depression and oral health from those 13 states (n=402). 
 
Exposure Assessment 
The exposures of interest were lifetime diagnosed anxiety and depression, and current 
depression.  
Anxiety 
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Information on lifetime diagnosis of anxiety was assessed through a single item on the 
ADM. Specifically, respondents were asked: ‘Has a doctor or other healthcare provider ever told 
you that you had an anxiety disorder (including acute stress disorder, anxiety, generalized anxiety 
disorder, obsessive-compulsive disorder, panic disorder, phobia, post-traumatic stress disorder or 
social anxiety disorder)?’ Lifetime anxiety was analyzed as a dichotomous variable as yes or no.  
Depression 
Lifetime diagnosis of a depressive disorder by a healthcare professional was assessed 
with a single item of the ADM: ‘Has a doctor or other healthcare provider ever told you that you 
had a depressive disorder (including depression, major depression, dysthymia or minor 
depression)? Lifetime depression was analyzed as a dichotomous variable as yes or no. 
Information on current depression was evaluated using a modified version of the PHQ-8 
(287). Respondents were specifically asked about the number of days in the past two weeks they 
experienced a particular depression symptom. The scores for each item were summed to produce 
a total score between 0 and 24 points for current depression. PHQ-8 answers were scored using 
two algorithms. The first algorithm is based on the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition (DSM-IV) and categorizes depressed respondents with a total score 
≥10 as having a major depressive disorder or other depression. The second algorithm categorizes 
respondents according to the severity of depressive symptoms (i.e., no significant depressive 
symptoms (0-4), mild (5-9), moderate (10-14), moderately severe (15-19), severe depressive 
symptoms (20-24)) (287, 288). Current depression was analyzed as a dichotomous (yes vs. no) 
variable, and severity of current depressive symptoms was analyzed categorically as (none, mild, 
moderate, moderately severe, or severe). In addition, we analyzed current depression as a 
continuous score.  
Validity of Exposure Assessment 
Self-reported responses of lifetime diagnosed anxiety and depression have not been 
validated, however prior studies have found significant associations between these measures and 
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outcomes such as tooth loss and dental visits (227), smoking cessation (289), BMI (290), obesity 
and unhealthy behaviors such as physical inactivity, smoking and heavy alcohol consumption 
(291), asthma control (292).  
The PHQ-8 has been validated for detection of current depression. It is adapted from the 
9-item scale (i.e. PHQ-9) (287, 288), which is based on nine criteria on which the DSM-IV (293) 
diagnosis of depressive disorders is based. The PHQ-8 has comparable sensitivity and specificity 
to other depression measures and requires less time to administer (287, 288, 294). Construct 
validity has been demonstrated by a strong association between PHQ scores and functional status, 
disability days, and symptom related difficulty (288). The cut-point for current depression is well-
established with a high sensitivity (88%) and specificity (88%) for major depression validated 
against the Structured Clinical Interview for DSM-IV (SCID) (287, 288). ROC analysis has 
shown an area under the curve (AUC) of 0.95 for the PHQ, indicating that the scale discriminates 
well between persons with and without major depression (287, 288). The PHQ-8 has been shown 
to be effective for detecting current depression in various race/ethnicities including Hispanics 
(295) as well as in older adults (296).  
 
Outcome Assessment 
Our outcomes of interest included 1) tooth loss as a measure of oral disease, and 2) dental 
visits and teeth cleaning as measures of oral healthcare utilization.  
Tooth loss 
Tooth loss was assessed by asking the question “How many of your permanent teeth have 
been removed because of tooth decay or gum disease? Include teeth lost due to infection, but do 
not include teeth lost for other reasons, such as injury or orthodontics”. Tooth loss categories 
included none, 1–5, 6 or more but not all, and all. We analyzed tooth loss as a dichotomous 
variable (none vs. 1 or more) consistent with prior literature (227) in addition to the predefined 
categorical variable.  
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Oral healthcare utilization  
Respondents were asked two questions regarding their use of oral healthcare services: (1) 
How long has it been since you last visited a dentist or a dental clinic for any reason? and (2) how 
long has it been since you had your teeth cleaned by a dentist or dental hygienist? Respondents 
who reported never having visited a dentist or missing all their permanent teeth were not asked 
about their teeth cleaning. In the present analyses, we defined ‘use of oral health services’ as a 
combined variable of having either a dental visit and/or reported teeth cleaning within the past 
year (no vs. yes) consistent with prior literature (227). In addition, we analyzed each outcome 
separately for dental visit within the past year (no vs. yes) and teeth cleaning within the past year 
(no vs. yes), as analyzed in prior studies (227, 229). We also categorized time since last dental 
visit and teeth cleaning as the predefined categorical variable (1-12 months, 1-2 years, 2-5 years, 
more than 5 years, or never). 
Validity of Outcome Assessment 
Tooth loss 
Although validation studies on the accuracy of self-reported missing teeth are sparse, 
studies have evaluated the validity of other self-reported oral health measures including 
periodontal disease status, numbers of decayed teeth, fillings, remaining teeth, root canal therapy, 
and various types of prostheses (297). Previous studies have demonstrated overall accurate 
estimation of self-reported number of teeth present by the general population (298-304). Some 
other studies have found a slight tendency toward over reporting (299, 305, 306), while one study 
showed a tendency toward underreporting (300). In a validation study by Pitiphat et al., among a 
population of 145 community-dwelling healthy men (aged 25 to 85 years), and 63 (62.1% male) 
dental school patients (aged 18 years or older), there was a slight tendency for underreporting of 
remaining teeth, with no statistically significant differences in the means of self-reported and 
clinical findings of teeth present (297). Spearman correlation coefficients for the total number of 
permanent teeth and number of unreplaced missing teeth were 0.78 and 0.52, respectively (297). 
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Other studies have shown that the number of teeth was accurately reported in several populations. 
In a study among 50 socio-demographically diverse elderly community-dwelling adults (age 70 
years or more) in New England, Douglass et al. found no significant differences between self-
report and clinical examination (301). Similarly, in a study conducted among 1,332 adult Finnish 
immigrants (aged 20-59 years) in Sweden, there was no systematic error in reporting the number 
of remaining teeth (298).  
 Oral healthcare utilization  
Studies have observed varying levels of validity for self-reported oral healthcare 
utilization (306-312). In a longitudinal dental study conducted among a high-risk population of 
non-institutionalized adults (45 years and older) of non-Hispanic White or Black ethnicity, 
Gilbert et al. compared self-reported dental visit information with dental records (307). Percent 
concordance values ranged from 84-91%, with kappa between 0.68-0.81 for use of dental care 
within a 6-month period. Similarly, in another study among a population of household samples 
from the Baltimore area (30.7% non-White, majority of Black ethnicity) and Washington county 
(97.9% White) in Maryland (313), concordance between self-reported dental care and dental 
records ranged from 82-86%. One prior cross-sectional study among dentate (having teeth) 
persons (aged 45 years older) from Florida (303), reported that the validity of self-reported 6-
month dental visits varied by socio-demographic characteristics, while a longitudinal study (307) 
found no such differences in the validity of self-reported dental visits. Similar to self-reports of 
general healthcare utilization, validity of self-reported oral healthcare utilization tends to vary by 
the length of recall period. Relatively recent dental visits have been consistently found to be 
associated with greater validity of the self-report (307). Validity of self-reported oral healthcare 
utilization may vary by method of data collection. Some studies have found greater validity of 
self-reported dental care use with in-person interviews than telephone interviews (313), while 
others have found no such differences in validity (307).  
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Few studies have found under or over reporting of the number of dental visits (307, 309, 
311). Gilbert et al. observed that increased number of dental visits has been associated with a 
greater absolute difference between the self-reported and the actual number of dental visits (307). 
This implies a greater measurement error for those with increased frequency of dental visits, 
which leads to increased likelihood for non-differential misclassification of dental visits. In a 
study among 1,255 male veterans, underreporting of dental visits was observed (Spearman’s 
r=0.5) (311). One the other hand, in a study among 558 Canadian servicemen, the mean number 
of dental visits in the previous year was over reported by approximately 11% (309). Although, the 
validity of self-reported dental visits has been found to vary by the level of specificity required 
(307-312), overall findings are similar among studies that employ self-reported data or dental 
records (307). When overall self-report of dental visits are of interest, the presumed importance of 
the visit has not been found to be associated with validity of the self-report (307), however, the 
validity of self-reported use of various dental service types has been found to vary considerably 
by service type (308). As validity tends to vary by service type, results in the current study may 
depend on the importance of the dental visit. Percent concordance varied from 82-100% for the 
different dental service categories, while kappa ranged from 0.33-0.91 across the categories 
(308). Dental procedures that have greater impact on daily lives such as biopsy, root canals, and 
extractions have been associated with greater validity. A similar retrospective chart review 
reported concordance of 74-96% for the different types of dental services, while kappa ranged 
from 0.45-0.75 (310). 
 
Covariate Assessment 
Socio-demographic factors 
At the time of interview, information was collected on age, race⁄ethnicity, education, 
employment, annual household income, healthcare coverage, marital status, and number of 
children in the household. Consistent with prior literature, we categorized our covariates. Age 
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was categorized as ≤24, 25-29, 30-34, 35-39, or ≥40. Self-reported race⁄ethnicity was categorized 
as non-Hispanic White, non-Hispanic Black, Hispanic or other. Education was categorized as less 
than high school diploma, high school graduate or GED, some college or college graduate. 
Current employment status was categorized as employed, unemployed, or not in labor force 
(homemaker, student, retired or unable to work). Household income was categorized as 
<$15,000, $15,000-<$25,000, $25,000-<$35,000, $35,000-<$50,000, >$50,000, or don’t 
know/not sure/missing. Healthcare coverage was categorized as no or yes. Marital status was 
categorized as married, divorced/separated/widowed, or never married or member of an 
unmarried couple. Number of children (less than 18 years of age) in the household was 
categorized as 0, 1, 2, 3 or more. 
Medical conditions 
Respondents were asked whether they had ever been told by a doctor or other health 
professional that they had any chronic health conditions such as angina or coronary heart disease, 
myocardial infarction or heart attack, stroke, diabetes and asthma. History of chronic health 
conditions was categorized as yes vs. no. Self-reported height and weight were also assessed. 
Body mass index (BMI) was calculated from the self-reported height and weight using the 
following formula [BMI = weight in kilograms (kg) divided by the square of height in meters 
(m
2
)]. Respondents were classified as neither overweight nor obese (<25 kg/m
2
), overweight (25 
to <30 kg/m
2
), obese (≥30 kg/m2), don’t know/not sure/refused/missing.  
Behavioral factors 
Respondents were asked about behaviors such as cigarette smoking and alcohol 
consumption. Cigarette smoking status was determined by two questions: (1) Have you smoked at 
least 100 cigarettes in your entire life?’ and (2) ‘Do you now smoke cigarettes every day, some 
days, or not at all?’ Based on the responses to the above two questions, smoking status was 
categorized as never, former, or current smokers. Respondents were asked about the total number 
and frequency of consumption of drinks during the past 30 days. The total number of alcoholic 
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beverages consumed per day was calculated based on responses. Alcohol consumption within the 
past month was categorized as no vs. yes (314). Perceived level of social support was assessed 
with the question, ‘How often do you get the social and emotional support that you need?’ and 
was categorized as always, usually, sometimes, rarely, or never. Respondents were questioned 
about the number of mentally unhealthy days within the past 30 days, while referring to mental 
health as stress, depression, and problems with emotions. In addition to examining the effect of 
anxiety and depression consistent with prior research, we extended the literature by examining the 
impact of mentally unhealthy days on oral health. We analyzed the number of mentally unhealthy 
days continuously. 
Validity of Covariate Assessment 
In general, self-reported measures within the BRFSS have been found to be moderately 
reliable and valid (315). Overall, report of socio-demographic characteristics such as age (r=0.92-
1.00) (316-320), race/ethnicity (kappa=0.87-0.97) (318, 319), education (r=0.80-0.92) (316-320), 
marital status (r=0.70-0.93) (316-318), income (r=0.75-0.97) (317-320), and employment status 
(r=0.77-0.85) (317-319) has demonstrated high reliability. Behavioral factors such as smoking 
status (kappa=0.79-0.94 for ever smoker, kappa=0.83-1.00 for current smoker, kappa=0.58-0.86 
for former smoker) (316-321), and alcohol consumption (r=0.57-0.79 for no. of drinks per month) 
(317, 318) are also found to have adequate reliability. Other medical factors such as height 
(r=0.90-0.98) (316, 316, 321) and weight (r=0.94-0.97) (316, 321) have demonstrated high 
reliability.  
No studies have examined the validity of demographic characteristics within the BRFSS; 
however, other studies have found moderate to high validity for these measures (315). 
Characteristics such as age, marital status, employment status, insurance status, smoking, height, 
and weight have shown high validity, whereas race/ethnicity, education, income, and alcohol 
consumption have shown moderate validity (315). With regards to ethnicity, larger racial groups 
such as Black or White tend to have high validity, as compared to smaller groups (322). Self-
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report of income is generally accurate; however, non-response tends to be an important issue and 
may have an impact on the study results (323). Reporting of marital status has been found to be 
affected by societal attitudes, and misreporting of separated or divorced categories is more likely 
than others (324). 
 
Data Analysis 
In a non-institutionalized population of pregnant women, we proposed to: 
1. Examine the association between anxiety and depression and risk of tooth loss.  
2. Examine the association between anxiety and depression and oral healthcare 
utilization. 
3. Evaluate variation in the effect of anxiety and depression on tooth loss and oral 
healthcare utilization by ethnicity. 
Univariate Analysis 
The unweighted sample size (n) as well as the population estimate (N) and weighted 
percentage of respondents’ baseline characteristics are presented (Table 3.1). We examined 
distributions of lifetime diagnosed anxiety, lifetime diagnosed depression, current depression as 
well as current depression severity, both continuous and as categorical variables (Table 3.2), as 
well as the distribution of tooth loss and use of oral health services (Table 3.3).  
Bivariate Analysis 
All covariates were cross tabulated with lifetime anxiety and depression as well as 
current depression and severity (Table 3.4) and the outcome variables tooth loss (Table 3.5) and 
dental visits and/or teeth cleaning (Table 3.6) using chi square tests. We examined the bivariate 
distribution of lifetime diagnosed anxiety and depression and current depression by tooth loss 
(Table 3.7) and use of oral health services, dental visits and teeth cleaning (Tables 3.8 and 3.9), 
through chi square tests for categorical.   
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Multivariable Analysis 
Multivariable logistic regression was used to calculate ORs and 95% CIs for the 
association between anxiety, depression, and the dichotomous outcome variables for tooth loss 
and non-use of oral health services as well as not having dental visit and teeth cleaning in the past 
year. Separate logistic regression models were built for each exposure and outcome (Tables 3.10, 
3.11, and 3.12). Variables which were associated with the outcome in unadjusted logistic models 
at p<0.20 were evaluated as potential confounders. We built a series of logistic regression models 
adjusting for socio-demographic factors (Model 1), behavioral and medical health factors (Model 
2), and social support (Model 3). 
Lastly, we included an interaction term in the final models to evaluate the role of 
ethnicity as an effect modifier. Sensitivity analyses were conducted comparing participant 
characteristics among those with complete data on anxiety and depression vs. those missing data. 
Statistical analysis was conducted using the SAS-callable SUDAAN® for complex data analysis. 
 
Results  
Overall, the majority of respondents were of non-Hispanic White race/ethnicity (62%), 
with approximately half reporting a college education (46%), and an annual household income 
>$50,000 (44%) (Table 3.1). The majority of the respondents had health insurance (92%), and 
approximately half were currently employed (55%), and married (66%). The majority of the 
respondents reported no alcohol consumption (94%) and cigarette smoking (91%). In terms of 
medical health, approximately 58% of respondents were overweight or obese, and 14% reported a 
lifetime diagnosis of asthma. Finally, most respondents (88%) reported receiving social support 
and an average of 3 (SD 0.6) mentally unhealthy days in the past month.  
The prevalence of lifetime diagnoses of anxiety and depression were 13.6% and 11.3%, 
respectively (Table 3.2). Approximately 10.6% of respondents were currently depressed as 
measured by a PHQ-8≥10. Of those currently depressed, the majority (8%) reported moderate 
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symptoms. About a third (28%) of the respondents classified as not having current depression had 
mild depression symptoms. The mean PHQ-8 score was 4.4 (SD 0.3).  
Overall, 21.2% of respondents reported a tooth loss, of which most respondents had 1-5 
teeth removed (Table 3.3). Approximately, 32.5% of respondents reported non-use of oral health 
services in the past year. Of those that reported non-use of oral health services in the past year, 
the majority had dental visits or reported teeth cleaning within the past 5 years.  
We then evaluated the association between covariates and our exposures of interest. In 
bivariate analyses, respondents who were of non-Hispanic White race, had health insurance, 
divorced/separated/widowed, or reported one or more children in the household were more likely 
to report lifetime diagnosis of anxiety, respectively, as compared to those who did not have these 
factors (Table 3.4). Similarly, having health insurance or one or more children in the household 
were associated with lifetime diagnosis of depression. On the other hand, being currently 
unemployed, unmarried, no alcohol consumption, or rarely/never or sometimes having social 
support were associated with current depression.  
We then evaluated the association between covariates and our outcomes of interest. In 
bivariate analyses, respondents who were of Hispanic ethnicity, had lower levels of education or 
lower income were significantly more likely to report at least one tooth loss as compared to those 
without these factors, respectively (Table 3.5). Hispanic ethnicity, low levels of education and 
income, lack of health insurance, being currently unemployed and never married were each 
significantly associated with non-use of oral health services in the past year (Table 3.6). When we 
divided oral healthcare utilization into two separate outcomes (i.e., dental visits vs. report of teeth 
cleaning), lower levels of education and not having health insurance were both significantly 
associated with not having dental visits, whereas, Hispanic ethnicity, lower levels of education, 
not having health insurance, and being unemployed were each associated with not having teeth 
cleaning in the past year (Table 3.6).          
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We then evaluated the associations between our primary exposures and outcomes of 
interest. In bivariate analyses, those who reported lifetime anxiety (32.1% vs. 20.8%) and 
depression (31.8% vs. 20.9%) as well as current depression (29% vs. 21.3%) were more likely to 
report tooth loss; however these associations were not statistically significant (p=0.17, p=0.25, 
and p=0.35, respectively). The severity of current depressive symptoms was significantly 
associated with at least one tooth lost (p=0.03) and level of tooth loss (p<.0001) (Table 3.7). 
When we repeated analyses excluding the moderately-severe category, the association between 
severity of current depressive symptoms and tooth loss was no longer statistically significant 
(p=0.10). 
In terms of oral healthcare utilization, those with lifetime anxiety (43% vs. 30.4%, 
p=0.27) and current depression (40.4% vs. 30.8%, p=0.36) were more likely to not use oral health 
services in the past year (Table 3.8). In contrast, those with lifetime depression were less likely to 
not use oral health services (26.3% vs. 32.6%, p=0.52). However, these associations were not 
statistically significant.   
In unadjusted logistic regression analyses (Table 3.10), we found that respondents with 
lifetime diagnosed anxiety had a 1.8 times greater odds of at least one tooth loss as compared to 
those without anxiety; however this was not statistically significant (OR=1.8; 95% CI: 0.8-4.1). 
When adjusted for socio-demographic characteristics, the association strengthened and became 
statistically significant (OR=3.3; 95% CI: 1.2-9.2). With further adjustment for smoking and 
alcohol consumption, BMI, and social support, the associated between anxiety and tooth loss 
remained significant (OR=3.3; 95% CI: 1.0-11.1).  
There was a similar 1.8 times increase in the odds of tooth loss with lifetime diagnosed 
depression, however the association was not significant (OR=1.8; 95% CI: 0.7-4.3). Adjustment 
for demographic factors, behaviors such as smoking and alcohol consumption, BMI, and 
perceived social support further attenuated the association between lifetime depression and tooth 
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loss (OR=1.5; 95% CI: 0.5-4.3). There was no statistically significant association between current 
depression and tooth loss.  
In terms of oral health care utilization, respondents with lifetime diagnosed anxiety had a 
1.7 times greater odds of non-use of oral health services in the past year compared to those 
without the disorder, however this association was not statistically significant (OR=1.7; 95% CI: 
0.7-4.1) (Table 3.11). When adjusted for socio-demographic factors, smoking and alcohol 
consumption, BMI, and perceived social support, the association strengthened but remained not 
statistically significant (OR=2.4; 95% CI: 0.9-6.7). There was no statistically significant 
association between depression and non-use of oral health services in the past year (OR=0.7; 95% 
CI: 0.2-2.3 for lifetime depression and OR=0.7; 95% CI: 0.2-2.1 for current depression) in the 
final adjusted models. Results were similar when analyzed for no dental visits and teeth cleaning 
separately (Table 3.12). 
We found no association between mentally unhealthy days and tooth loss (OR=1.0; 95% 
CI: 1.0-1.1), as well as use of oral health services (OR=1.0; 95% CI: 1.0-1.1). Hispanic ethnicity 
did not significantly modify the effect of lifetime anxiety (p=0.16), lifetime depression (p=0.84), 
and current depression (p=0.15) on tooth loss. Similarly, we did not find effect modification by 
Hispanic ethnicity on the association between lifetime anxiety (p=0.59), lifetime depression 
(p=0.37), and current depression (p=0.28) and past year use of oral health services, respectively. 
Respondents missing information on anxiety and depression did not differ significantly 
from those not missing data in terms of any of the study variables (i.e., age, race, education, 
household income, insurance, marital status, children in the household, smoking and alcohol 
habits, perceived social support, and diagnoses of diabetes and asthma).   
 
Discussion 
Overall, our findings from this analysis of the 2010 BRFSS data show that lifetime 
anxiety is significantly associated with increased odds of having at least one tooth loss and lower 
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use of oral health services (i.e., not having a dental visit and/or teeth cleaning in the past year). 
On the other hand, both lifetime and current depression were not associated with tooth loss or 
non-use of oral health services in the past year. We found that the effect of anxiety and depression 
on tooth loss and use of oral health services did not vary according to ethnicity.   
To our knowledge, no prior studies have examined the association between psychosocial 
health and oral health characteristics among pregnant women. However, there are both 
similarities and differences between our findings and those among non-pregnant populations. Our 
results of a positive association between lifetime anxiety and at least one tooth loss were 
consistent with those obtained by Okoro et al. among 80,486 adult participants from the 2008 
BRFSS (227). Similar to our findings, Hayashi et al. found no statistically significant association 
between depression as measured by the CES-D and tooth loss as assessed via oral examination 
among 252 Japanese male employees (aged 20-59 yrs.) (225). However, unlike prior studies that 
found a positive association between depression and tooth loss (224, 227), we did not find a 
significant association between either lifetime or current depression and tooth loss. Specifically, 
among 80,486 adult participants from the 2008 BRFSS, Okoro et al. found that those with 
lifetime and current depression were 1.07 and 1.14 times more likely to have at least one tooth 
loss respectively than those without these disorders (227). Similarly, Rosania et al. observed that 
depression as measured by the CES-D was a significant predictor of tooth loss assessed via dental 
examination among 45 periodontal patients (224). Although, our point estimates for the odds 
ratios indicated a 50 percent increased odds of tooth loss among those with lifetime and current 
depression, our findings were not statistically significant. We are unable to compare our estimates 
with those observed in prior literature as studies varied in their risk estimates (e.g. prevalence 
ratio, estimates from linear regression analyses etc.). While our results for the association 
between depression and tooth loss were in the same direction as observed in prior studies, our 
estimates lacked precision. It is likely that we lacked sufficient power to detect a significant 
association due to relatively low sample size because of limiting our attention to pregnant women 
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in the 2010 BRFSS. Additionally, differences in the age distribution and health characteristics 
among pregnant women could have contributed to the differing findings. For example, our 
sample included pregnant women with a younger age distribution (51.6% under 30 years of age) 
as compared to only 18.3% under 30 years in the total 2010 BRFSS population. The mechanism 
for the association of anxiety and depression with tooth loss could vary due to age and pregnancy 
related differences in HPA activity (325). Further, the majority of respondents in our sample 
reported no cigarette smoking (91%) and alcohol consumption (94%) as compared to these 
behaviors in the total 2010 BRFSS population (58% and 48.7%, respectively). As anxiety and 
depression could influence tooth loss indirectly through negative behaviors such as smoking and 
alcohol consumption, it is likely that differences in these behaviors could have contributed to 
differing findings in our sample of pregnant women. When we repeated our analyses including 
the total 2010 BRFSS population, our results were similar to those obtained in prior literature.     
In terms of oral healthcare utilization, we found that those with lifetime anxiety were 
more likely to report non-use of oral health services in the past year as compared to those without 
anxiety. Conversely, Marques-Vidal et al. found that anxious individuals (anxiety measured by 
the HADS) were more likely to have dental visits as compared to non-anxious individuals among 
388 young, predominantly female Portuguese health sciences students (229). Although there may 
be differences between anxiety and obsessiveness that may not be captured by the HADS, we did 
not find any literature addressing these specific differences which may have influenced 
participants’ likelihood of visiting the dentist and affected the study findings. Contrasting 
findings may be likely due to differences in the socio-demographic characteristics and healthcare 
seeking behavior among the study populations. The cohort in the Marques-Vidal et al. study 
included health sciences students with relatively high socioeconomic and educational status, and 
high rates of anxiety (30%) and dentist attendance within the past 12 months (approximately 
81%) (229). Health sciences students may be more aware of the importance of oral health and as 
such are more likely to follow healthy dental behaviors such as regular flossing, tooth brushing, 
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and dental visits. In contrast, we observed a lower lifetime prevalence of anxiety diagnosis (14%) 
and dental visits in the previous 12 months (68%). Moreover, the rates of oral health care 
utilization in our study were considerably higher than the 35-50%, which have been previously 
reported during pregnancy (184, 212-216). This could have occurred as information in the 
BRFSS was not collected specifically on dental visits during pregnancy, but on whether pregnant 
women had dental visits within the past year. Pregnant women who responded to the BRFSS 
survey could have been in varying stages of pregnancy, which could have led to differences in the 
rates of utilization. Furthermore, we lacked data on oral hygiene behavior (e.g. tooth brushing and 
flossing habits), but rates of oral health care utilization (i.e., defined as past year dental visits or 
teeth cleaning) in our study reflect those found by Okoro et al. in the general adult population 
(227). Differences in individuals’ oral hygiene behavior may play an important role in influencing 
their beliefs or attitudes toward utilization of oral healthcare services.  
Similar to Okoro et al. (227), we found no statistically significant association between 
lifetime diagnosed depression and likelihood of past year dental visits. However, in contrast to 
our findings, Okoro et al. (227) found a positive association between current depression and no 
past year dental visits. Similarly, Anttila et al. found that depression as measured by the SCL-25 
was associated with lower likelihood of having at least one dental check-up in two years (228).      
Our study faced several limitations. First, data on lifetime diagnoses of anxiety and 
depression were collected through self-report. Social desirability may affect participants’ 
responses and could have led to under reporting of anxiety and depression. Similar to reporting of 
stress, differences in the conceptualization and expression of anxiety and depression may have led 
to misreporting. We expect reporting of lifetime anxiety and depression to be unaffected by oral 
health status, as respondents were unaware of the study hypotheses, and as such misclassification 
would be non-differential and bias results toward the null. The PHQ-8 has been found to be 
effective for detecting current depression in various race/ethnicities including Hispanics (295) as 
well as in older adults (296). It has demonstrated comparable sensitivity and specificity to other 
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depression measures (287, 288, 294), and strong association with functional status, disability 
days, and symptom related difficulty (288), indicating its construct validity. The cut-point for 
current depression is well-established with a high sensitivity (88%) and specificity (88%) for 
major depression validated against the SCID (287, 288). ROC analysis has shown an AUC of 
0.95 for the PHQ, indicating that the scale discriminates well between persons with and without 
major depression (287, 288). Despite adequate reliability and validity of the PHQ, there is a 
possibility for some degree of misclassification, however if it occurred, we do not expect report 
of depressive symptoms to be influenced by participants oral health, as participants were unaware 
of study hypotheses, and this would bias our results toward the null.   
Second, oral health outcomes were self-reported. Social desirability could have led to 
under reporting of teeth lost. However, self-reported oral health outcomes have been widely used 
in large nationally representative studies, and have found to be generally valid estimates and 
correlate with clinical measures of dental disease (297). Although respondents were unaware of 
the study aims, it is likely that accuracy of tooth loss report differs according to anxious or 
depressed status. For example, if anxious or depressed women were more likely to over report 
tooth loss than those without these disorders, misclassification would be differential and bias 
results away from the null. Similar to tooth loss, self-reporting of dental visits and/or teeth 
cleaning may be affected by social desirability, thus leading to over reporting of frequency of 
visits. Prior studies have demonstrated high validity of self-reported dental visits (306-312), and 
as such the likelihood of misclassification seems low. However, the accuracy of self-reported 
dental visits has been found to vary by the presumed importance of the visit and its impact on 
daily life. It is likely that visits for certain procedures such as teeth extraction or root canal may 
be recalled and reported more accurately as compared to visits for relatively lower priority 
procedures such as elective teeth restorations or cleaning. This has found to be of concern when 
high levels of specificity in reporting of dental visits are required. Similar to tooth loss, if 
accuracy of report of dental visits is likely to differ according to anxiety or depression levels, 
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misclassification due to under reporting would likely be differential. For example, if anxious 
individuals are more likely to over report dental visits, it would underestimate the association 
between lifetime anxiety and non-use of oral health services.  
Third, selection bias in our study could have occurred due to non-response to the survey. 
Based on Council of American Survey and Research Organizations (CASRO) guidelines, the 
median response rate in 2010 for the 13 states that used the ADM was 56.83% and ranged from 
41.10% in Arizona to 66.96% in Puerto Rico (326). Response rates to telephone surveys have 
been impacted by various factors such as decreasing number of households with landline 
telephones (327), increased telephone number portability; and use of answering machines, caller 
ID, and voicemail facilities (328). Overall, minorities (227, 329) and individuals with low levels 
of education (227, 329), living in rural areas (329), widowed (227), retired and unable to work 
(227), and unemployed (329, 330) were less likely to be included in the analysis. If factors 
associated with telephone coverage e.g. socioeconomic status were related to anxiety and 
depression as well as tooth loss and use of oral health services, a selection bias could have 
occurred. In other words, if individuals with current depression and high levels of tooth loss were 
less likely be college educated and have telephone coverage, a selection bias could have occurred, 
leading to an underestimation of the true risk. Similarly, a selection bias could occur if those 
without current depressive symptoms and less likely to have dental visits within the past year 
were living in rural areas and less likely to participate in the survey. This would result in an 
overestimation of the association between current depression and non-use of oral health services. 
Additionally, as exposure and outcome information was collected at the same time, 
knowledge of the outcome could have influenced report of the exposure. A recall bias could have 
occurred, if respondents reporting greater tooth loss recalled lifetime depression more clearly than 
those reporting fewer tooth lost, leading to a bias away from the null. As respondents were 
unaware of the study hypothesis, it seems less likely that individuals with greater tooth loss would 
differentially report their anxiety or depression. In addition, it was not possible to blind 
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interviewers to responses for either exposure or outcome, as data were collected concurrently on 
both psychosocial factors as well as oral health variables. If interviewers probed more carefully 
for tooth loss among those with anxiety or depression, this would have led to interviewer bias, 
resulting in overestimation of the true risk estimate. The likelihood of this occurrence seems 
minimal, because the interviewers were not aware of the study hypothesis.  
Although, a multivariable model was used to adjust for the effects of several potential 
confounders, information on all confounders were self-reported and collected through telephone 
interviews. A misclassification of a confounder such as smoking status could have led to 
imperfect adjustment resulting in residual confounding and possibly affected the direction of 
association of our exposure and outcome. In addition, we were unable to evaluate the effect of 
other factors associated with use of dental services or tooth loss, such as dental insurance, daily 
hygiene routines such as tooth brushing and dental flossing, community water fluoridation, 
dentures or the use of antidepressant medications for respondents under treatment. To the extent 
that these factors are associated with anxiety or depression, residual confounding could have 
occurred. For example, depressed pregnant women are more likely to be on antidepressant 
treatment, and antidepressant treatment may be associated with increased risk of oral disease. 
Thus, antidepressant treatment may have positively confounded the association between 
depression and oral disease, and biased results away from the null. On the other hand, other 
factors such as poor oral hygiene may not be confounders but rather act as intermediates in the 
causal pathway such that anxious individuals may be more likely to pay attention to good oral 
hygiene, which in turn is protective against tooth loss. Therefore, adjusting for these intermediate 
variables would lead to an over adjustment bias.     
Finally, cross sectional studies face two additional study limitations, temporality and 
survivor bias. Survivor bias occurs if high levels of the exposure are likely to decrease survival 
related to the outcome, and would thus lead to those respondents being excluded from the study. 
Therefore, if severe anxiety or depression decreases the likelihood of the participant to be 
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included in the study after diagnosis, thereby decreasing the duration of disease e.g. tooth loss, 
then only non-anxious or non-depressed individuals with tooth loss would be included in the 
study, and a survivor bias would occur. However, survivor bias would not be a likely issue in this 
study, as severe anxiety and depression are less likely to decrease individuals’ availability to 
participate in the study. Temporality of a study deals with establishing a cause and effect 
relationship between the exposure and outcome. A bidirectional relationship may exist between 
anxiety and depression and tooth loss and oral healthcare utilization. Poor oral health may 
contribute to poor physical health and overall quality of life (179, 331, 332). Prior studies have 
found that oral disease/irregular dental visits may be associated with low self-esteem, self-
confidence, life satisfaction, anxiety and depression among other psychosocial factors (227, 333, 
334). As data on both psychosocial factors and oral health outcomes were collected at the same 
time, we were unable to establish temporality of the association. However, evidence from 
longitudinal studies in non-pregnant populations supports prospective associations between other 
psychosocial factors such as negative emotionality personality (335), psychological distress 
(336), and academic stress (337) and oral disease.   
Lastly, as compared to prior studies which were restricted to periodontal patients, male 
employees, and health science students, our study included a community-dwelling sample of the 
U.S. population, which increases overall generalizability of our findings. However, 
generalizability may be limited in our study, as our population was restricted to non-
institutionalized adults and to adult households with a telephone connection in the United States. 
There is little reason to believe that the mechanism for the association between anxiety or 
depression and tooth loss or utilization of oral healthcare services differs according to 
institutionalized status. However, the association of anxiety and depression with tooth loss as well 
as use of oral health services may differ according to factors associated with telephone coverage 
e.g. race/ethnicity, geographic location and socioeconomic status. BRFSS respondents were less 
likely to belong to minority groups (227, 329), have lower education (227, 329) or be retired or 
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unable to work (227), or unemployed (329, 330), live in rural areas (329), or be widowed (227), 
and as many of these factors are associated with anxiety, depression, tooth loss and dental visits, 
we cannot generalize our findings to these groups. To the extent this is true; our results may be 
generalizable to pregnant White women of relatively high socioeconomic status and living in 
urban areas in the U.S. 
There is evidence to support the pathophysiological and behavioral hypotheses that 
anxiety and depression during pregnancy are positively associated with oral diseases. Anxiety and 
depression may contribute to the risk of poor oral health through 1) direct pathophysiological 
effects on host resistance through immunologic and neuroendocrine mechanisms, and 2) through 
behavioral mechanisms via an indirect effect of lifestyle factors and health behaviors (e.g. poor 
oral hygiene, negative changes in diet, increase in smoking, etc.) which are known to potentiate 
oral disease. Furthermore, socio-behavioral models such as the HBM favor the hypotheses that 
anxiety and depression may influence oral healthcare utilization among pregnant women.   
To summarize, the current study represents the first, to our knowledge, to examine the 
association between anxiety and depression and oral health attributes among pregnant women. 
We found that lifetime diagnosed anxiety was strongly positively associated with tooth loss and 
inversely associated with past year dental visits. In contrast, we did not find an effect of 
depression on tooth loss and likelihood of dental visits among pregnant women. Future research 
should focus on larger prospective studies to confirm the role of anxiety and depression in the 
causal pathway of oral disease and use of oral health services during pregnancy. Our findings 
have important clinical and public health implications. Pregnancy represents a vulnerable period 
where women experience high rates of anxiety and depression. In addition, pregnant women bear 
a disproportionate burden of dental disease with complications extending beyond diseases of the 
oral cavity and increasing the risk of poor perinatal outcomes for both the mother and the baby. 
As observed in our study, anxious pregnant women are a greater risk for tooth loss and 
identification of modifiable risk factors such as anxiety during pregnancy could help in 
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preventing oral disease and its future complications. Our findings that anxiety was associated 
with decreased likelihood of dental visits during pregnancy underscores the importance of 
counseling by prenatal and other medical and dental health care providers to incorporate good 
oral health practices such as dental hygiene and regular dental visits during pregnancy. Women 
are highly receptive to behavioral changes and preventive care during pregnancy and it is 
essential to make use of this unique opportunity for to prevent dental disease and its 
complications. Finally, policy makers could use behavioral models such as the HBM as a guiding 
framework to increase oral health care utilization among anxious or depressed pregnant women. 
Public policies that support and expand comprehensive services which take into account 
perceived susceptibility to dental disease and identify perceived barriers specific to anxious or 
depressed pregnant women would increase the potential for obtaining improved oral health 
among this underserved population.  
       
Significance 
To date, no study has evaluated psychosocial determinants of oral health among pregnant 
women. Evidence from studies among non-pregnant populations has been sparse and conflicting. 
In addition, wide variability in the instruments used to assess anxiety, depression, oral health and 
utilization of dental services limits comparison of results across studies. Additionally, some 
studies lacked sufficient power to detect an association. We extended this literature among a 
nationally representative sample of non-institutionalized pregnant women in the United States. 
We used a well validated questionnaire to assess current depression, in addition to self-reported 
diagnoses of lifetime anxiety and depression. Oral health data included self-reported information 
on tooth loss and dental visits, which have been widely used as measures of oral health status and 
oral healthcare utilization. Pregnant women have been found to report high levels of psychosocial 
conditions such as anxiety and depression. Additionally, pregnant women, a population with 
greater risk for oral health problems, are at high risk for poor pregnancy outcomes. Finally, 
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despite increased oral disease burden, pregnant women are known to utilize dental services at 
lower rates than the general population.  
 
Human Subject Protection 
The BRFSS is conducted by state health departments in accordance with technical and 
methodologic assistance provided by CDC’s Behavioral Surveillance Branch (BSB). A random 
sample of telephone numbers is obtained by the state and sampling procedures are reviewed by a 
state statistician and the BSB. Monthly interviews are conducted by states according to prescribed 
protocol, and survey results are entered into computer-assisted telephone interviewing (CATI) 
computer files. After states submit data, data are weighted annually according to state-specific 
population estimates provided for each state. All interviewers are routinely electronically 
monitored for systematic data collection procedures. Study personnel receive training in privacy 
protocols and every effort is made to ensure respondent confidentiality and refrain from 
discussion of specific interview details outside the work environment. All BRFSS staff sign a 
confidentiality agreement and assure respondents that their confidentiality is protected. Interview 
records are de-identified and reports only cite aggregate figures.  
There were no known possible risks to respondents in this study, except the 
social/psychological risk for an individual resulting from inadvertent disclosure of confidential 
medical information. There were no known direct benefits to respondents in this study, except 
their feelings of being involved in a large and important study.  
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Table 3.1. Participant Characteristics in the Study Population; Behavioral Risk Factor 
Surveillance System, 2010. 
 
Continued, next page.  
 
n N % % (95% CI) Mean (SD)
Age (years)
≤24 90 96918 23.6 23.6 (17.7, 30.8)
25-29 123 114961 28.0 28.0 (22.1, 34.8)
30-34 112 145167 35.4 35.4 (28.5, 43.0)
35-39 61 40408 9.9 9.9 (6.6, 14.5)
≥40 14 12555 3.1 3.1 (1.4, 6.5)
Race/ethnicity
White, non-Hispanic 235 251782 61.7 61.7 (54.4, 68.5)
Black, non-Hispanic 74 70663 17.3 17.3 (12.9, 22.9)
Hispanic 34 38393 9.4 9.4 (6.0, 14.6)
Other
a
56 47077 11.5 11.5 (7.4, 17.6)
Educational status
Less than high school 42 45199 11.0 11.0 (7.4, 16.1)
High school graduate 86 75277 18.4 18.4 (13.4, 24.6)
Some college 112 103120 25.1 25.1 (19.6, 31.7)
College graduate 162 186711 45.5 45.5 (38.1, 53.1)
Annual Household Income
<$15,000 50 57009 13.9 13.9 (9.6, 19.6)
$15,000-<$25,000 59 46146 11.3 11.3 (7.7, 16.2)
$25,000-<$35,000 39 42160 10.3 10.3 (6.3, 16.4)
$35,000-<$50,000 45 35238 8.6 8.6 (5.5, 13.1)
>$50,000 160 180413 44.0 44.0 (36.7, 51.6 )
Don't know/not sure/missing 49 49341 12.0 12.0 (8.3, 17.1)
Health Insurance
No 35 31618 7.7 7.7 (87.9, 95.2)
Yes 367 378689 92.3 92.3 (4.8, 12.2)
Current employment status
Employed 217 225625 55.1 55.1 (47.7, 62.3)
Unemployed 43 30147 7.4 7.4 (4.8, 11.2)
Not in labor force
b
141 153575 37.5 37.5 (30.7, 44.8)
Marital status
Never married/unmarried couple 109 124421 30.4 30.4 (23.6, 38.0)
Married 269 268906 65.6 65.6 (57.9, 72.5)
Divorced/Separated/Widowed 23 16644 4.1 4.1 (2.2, 7.4)
Children (<18 yrs) in household
0 109 129198 31.6 31.6 (24.7, 39.4)
1 126 124577 30.4 30.4 (24.0, 37.7) 
2 107 107828 26.4 26.4 (20.5, 33.2)
3+ 58 47688 11.7 11.7 (8.3, 16.1)
Total Sample
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Table 3.1, continued. 
  
Alcohol consumption in the past month
No 377 383305 94.2 94.2 (88.9, 97.1)
Yes 18 23452 5.8 5.8 (2.9, 11.1)
Smoking status
Never smoker 270 268456 65.4 65.4 (57.8, 72.3)
Former smoker 96 105252 25.7 25.7 (19.6, 32.8)
Current smoker 36 36598 8.9 8.9 (5.1, 15.2)
BMI (kg/m
2
)
Neither overweight nor obese (<25) 148 157827 38.5 38.5 (31.3, 46.2)
Overweight (25-<30) 113 104500 25.5 25.5 (19.7, 32.3)
Obese (≥30) 126 132770 32.4 32.4 (26.0, 39.4)
Don't know/not sure/refused/missing 15 15209 3.7 3.7 (1.9, 7.3)
Ever diagnosis of angina pectoris
No 399 408096 99.5 99.5 (98.0, 99.9)
Yes 3 2210 0.5 0.5 (0.1, 2.0)
Ever diagnosis of myocardial infarction
No 397 406252 99.0 99.0 (97.5, 99.6)
Yes 5 4055 1.0 1.0 (0.4, 2.5)
Ever diagnosis of stroke
No 398 404624 98.6 98.6 (94.6, 99.7)
Yes 4 5682 1.4 1.4 (0.3, 5.5)
Ever diagnosis of diabetes
No 390 401061 97.8 97.8 (94.4, 99.1)
Yes 12 9246 2.3 2.3 (0.9, 5.6)
Ever diagnosis of asthma
No 331 353480 86.2 86.2 (81.2 , 90.0)
Yes 70 56805 13.9 13.9 (10.0, 18.8)
Perceived social support
Rarely/never 18 10380 2.6 2.6 (1.5, 4.6)
Sometimes 30 39165 9.8 9.8 (5.8, 16.1)
Usually 97 94818 23.8 23.8 (17.7, 31.2)
Always 244 253931 63.8 63.8 (56.0, 70.9)
Mentally unhealthy days within past month 3.2 (0.6)
n, unweighted sample size; N, population estimate; %, weighted percentage
 and 95% Confidence intervals (CI).
a
Includes multiracial and other non-Hispanic race.
b
Includes student/homemaker/retired/unable to work.
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Table 3.2. Distribution of Anxiety and Depression in the Study Population; Behavioral Risk 
Factor Surveillance System, 2010. 
  
 
n N % (95% CI) 
Anxiety
Lifetime diagnosed anxiety
No 329 336180 86.4 (80.6, 90.6)
Yes 51 53023 13.6 (9.4, 19.4)
Depression
Lifetime diagnosed depression
No 333 347416 88.7 (83.4, 92.5)
Yes 48 44282 11.3 (7.5, 16.6)
PHQ-8 score
a
No (<10) 338 351745 89.4 (84.4, 93.0)
None (0-4) 244 241021 61.3 (53.5, 68.6)
Mild (5-9) 94 110724 28.2 (21.4, 36.1)
Yes (≥10) 45 41530 10.6 (7.0, 15.6)
Moderate (10-14) 33 31619 8.0 (4.9, 12.9)
Moderately severe (15-19) 8 7321 1.9 (0.8, 4.3)
Severe (20-24) 4 2591 0.7 (0.2, 1.9)
Current depression score (Mean, SD) 4.4 (0.3)
n, unweighted sample size; N, population estimate; %, weighted percentage
  and 95% Confidence intervals (CI).
a
Current depression as defined by total Patient Health Questionnaire (PHQ-8) score  ≥10.
Total Sample
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Table 3.3. Distribution of Tooth Loss and Use of Oral Health Services in the Study 
Population; Behavioral Risk Factor Surveillance System, 2010. 
 
 
n N % % (95% CI) 
Oral Disease
At least one tooth removed
No 294 317758 78.2 78.2 (72.3, 83.2)
Yes 105 88387 21.8 21.8 (16.8, 27.7)
Level of tooth loss
None 294 317758 78.2 78.2 (72.3, 83.2)
1-5 teeth removed 92 81234 20.0 20.0 (15.2, 25.9)
≥6 teeth removed, but not all 9 5772 1.4 1.4 (0.7, 3.0)
All 4 1380 0.3 0.3 (0.1, 1.3)
Oral Healthcare Utilization
Use of oral health services
a
Yes 281 277142 67.6 67.6 (60.2, 74.1)
No 121 133165 32.5 32.5 (25.9, 39.8)
Past year dental visit 
Yes 274 267019 65.2 65.2 (57.6, 72.1)
No 127 142373 34.8 34.8 (27.9, 42.4)
Past year teeth cleaning
Yes 265 266073 65.6 65.6 (58.2, 72.4)
No 130 139314 34.4 34.4 (27.7, 41.8)
Time since last dental visit
1-12 months ago 274 267019 65.2 65.2 (57.6, 72.1)
1-2 years ago 46 56040 13.7 13.7 (9.4, 19.6)
2-5 years ago 46 55632 13.6 13.6 (8.7, 20.7)
>5 years ago 33 27675 6.8 6.8 (4.1, 10.9)
Never 2 3027 0.7 0.7 (0.1, 4.5)
Time since last teeth cleaning 
1-12 months ago 265 266073 65.6 65.6 (58.2, 72.4)
1-2 years ago 49 64738 16.0 16.0 (11.3, 22.2)
2-5 years ago 39 42856 10.6 10.6 (6.5, 16.8)
>5 years ago 36 24918 6.2 6.2 (3.8, 9.8)
Never 6 6802 1.7 1.7 (0.6, 4.5)
n, unweighted sample size; N, population estimate; %, weighted percentage 
 and 95% Confidence intervals (CI).
a
Use of oral health services defined as no dental visits or teeth cleaning in the past year. 
Total Sample
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Table 3.4. Participant Characteristics According to Anxiety and Depression; Behavioral 
Risk Factor Surveillance System, 2010. 
 
Continued, next page.  
 
N % p -value
c
N % p -value
c
N % p -value
c
Age (years)
≤24 7 5.9 0.21 8 6.6 0.64 12 14.2 0.91
25-29 15 18.5 13 10.7 18 9.7
30-34 15 13.4 15 13.4 9 9.7
35-39 11 17.6 10 14.1 5 8.0
≥40 3 17.8 2 17.7 1 10.6
Race/ethnicity
White, non-Hispanic 36 18.1 0.01 32 10.2 0.45 22 7.7 0.49
Black, non-Hispanic 3 3.4 5 7.2 12 18.6
Hispanic 4 4.8 3 8.4 6 12.5
Other
a
8 11.8 7 23.9 5 13.8
Educational status
Less than high school 8 17.8 0.66 8 16.3 0.70 12 33.4 0.06
High school graduate 10 10.0 7 7.1 12 11.5
Some college 17 17.5 12 11.5 12 9.1
College graduate 16 11.9 21 11.7 7 5.6
Annual Household Income
<$15,000 10 16.2 0.50 9 19.1 0.21 14 29.1 0.06
$15,000-<$25,000 7 12.2 6 11.3 10 11.1
$25,000-<$35,000 4 9.2 7 26.5 5 18.5
$35,000-<$50,000 8 15.5 3 9.0 2 3.5
>$50,000 18 16.0 19 8.2 7 4.2
Don't know/not sure/missing 4 5.4 4 3.2 7 11.8
Health Insurance
No 2 3.6 0.04 1 1.3 0.01 8 16.5 0.44
Yes 49 14.5 47 12.1 37 10.1
Current employment status
Employed 24 12.7 0.60 23 7.6 0.11 17 5.7 0.04
Unemployed 5 8.9 4 8.3 6 15.7
Not in labor force
b
22 16.0 21 17.6 22 17.0
Marital status
Never married/unmarried couple 9 6.2 0.03 11 10.5 0.47 20 19.4 0.03
Married 37 16.6 29 10.6 21 6.0
Divorced/Separated/Widowed 5 22.7 8 31.4 4 18.3
Children (<18 yrs) in household
0 10 6.4 0.04 9 3.1 0.02 9 7.0 0.32
1 21 21.2 16 15.6 14 7.7
2 11 8.4 15 11.0 13 16.1
3+ 9 26.1 8 23.5 9 14.8
Alcohol consumption in the past month
No 46 13.8 0.78 44 11.5 0.72 45 11.3 0.01
Yes 5 11.5 4 9.0 0 0.0
Smoking status
Never smoker 20 10.3 0.16 22 7.0 0.06 24 8.1 0.34
Former smoker 22 20.6 19 21.3 13 13.9
Current smoker 9 18.2 7 15.1 8 19.3
Lifetime Diagnosed 
Anxiety
Lifetime Diagnosed 
Depression
PHQ-8 ≥10d
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Table 3.4, continued. 
 
  
BMI (kg/m
2
)
Neither overweight nor obese (<25) 19 13.9 0.08 16 10.7 0.09 14 8.4 0.66
Overweight (25-<30) 12 10.9 16 9.5 13 11.7
Obese (≥30) 20 17.2 16 14.8 15 10.0
Don't know/not sure/refused/missing 0 0.0 0 0.0 3 29.8
Ever diagnosis of angina pectoris
No 49 13.2 0.19 46 10.9 0.19 44 10.3 0.34
Yes 2 100.0 2 100.0 1 71.1
Ever diagnosis of myocardial infarction
No 50 13.6 0.95 45 10.8 0.12 45 10.7 0.07
Yes 1 14.6 3 67.3 0 0.0
Ever diagnosis of stroke
No 50 13.7 0.80 46 11.1 0.42 45 10.7 0.20
Yes 1 10.1 2 26.7 0 0.0
Ever diagnosis of diabetes
No 47 13.5 0.54 43 10.9 0.22 44 10.6 0.82
Yes 4 21.0 5 30.3 1 8.5
Ever diagnosis of asthma
No 35 12.4 0.21 34 9.9 0.17 31 9.4 0.16
Yes 16 22.0 14 20.3 14 17.9
Perceived social support
Rarely/never 4 26.3 0.75 4 28.7 0.08 4 23.5 0.03
Sometimes 7 15.3 6 10.1 11 29.7
Usually 13 16.0 16 21.5 13 16.2
Always 27 12.1 22 7.0 17 5.2
a
Includes multiracial and other non-Hispanic race.
b
Includes student/homemaker/retired/unable to work.
c
p -values from Chi square tests for categorical variables.
d
Current depression as defined by total Patient Health Questionnaire (PHQ-8) score  ≥10.
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Table 3.5. Participant Characteristics According to Tooth Loss; Behavioral Risk Factor 
Surveillance System, 2010. 
 
Continued, next page.  
 
N % p -value
c
Age (years)
≤24 17 14.8 0.36
25-29 36 29.7
30-34 28 19.9
35-39 17 20.4
≥40 5 26.3
Race/ethnicity
White, non-Hispanic 40 15.6 0.03
Black, non-Hispanic 24 27.9
Hispanic 15 44.5
Other
a
25 25.3
Educational status
Less than high school 18 27.0 0.02
High school graduate 29 34.6
Some college 33 26.3
College graduate 25 12.8
Annual Household Income
<$15,000 25 50.0 0.00
$15,000-<$25,000 25 42.3
$25,000-<$35,000 11 19.8
$35,000-<$50,000 12 13.8
>$50,000 20 11.0
Don't know/not sure/missing 12 16.2
Health Insurance
No 10 33.2 0.26
Yes 95 20.8
Current employment status
Employed 45 17.3 0.14
Unemployed 19 17.3
Not in labor force
b
41 25.5
Marital status
Never married/unmarried couple 45 17.3 0.78
Married 19 36.5
Divorced/Separated/Widowed 41 25.5
Children (<18 yrs) in household
0 20 14.7 0.16
1 28 22.5
2 36 22.1
3+ 20 37.8
Alcohol consumption in the past month
No 95 21.1 0.61
Yes 7 29.5
≥1 Tooth Loss
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Smoking status
Never smoker 61 18.8 0.20
Former smoker 27 22.3
Current smoker 17 41.9
BMI (kg/m
2
)
Neither overweight nor obese (<25) 31 13.3 0.07
Overweight (25-<30) 29 26.9
Obese (≥30) 43 28.7
Don't know/not sure/refused/missing 2 13.3
Ever diagnosis of angina pectoris
No 102 21.3 0.13
Yes 3 100.0
Ever diagnosis of myocardial infarction
No 103 21.8 0.99
Yes 2 21.6
Ever diagnosis of stroke
No 102 20.9 0.25
Yes 3 84.4
Ever diagnosis of diabetes
No 98 20.7 0.19
Yes 7 66.7
Ever diagnosis of asthma
No 80 20.2 0.16
Yes 24 31.3
Perceived social support
Rarely/never 10 60.0 0.14
Sometimes 11 15.4
Usually 17 14.8
Always 63 23.7
a
Includes multiracial and other non-Hispanic race.
b
Includes student/homemaker/retired/unable to work.
c
p -values from Chi square tests for categorical variables.
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Table 3.6. Participant Characteristics According to Use of Oral Health Services; Behavioral 
Risk Factor Surveillance System, 2010. 
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N % p -value
c
N % p -value
c
N % p -value
c
Age (years)
≤24 34 46.5 0.10 36 47.9 0.11 35 46.8 0.13
25-29 43 34.2 43 34.2 45 36.6
30-34 28 27.6 32 33.3 30 29.7
35-39 15 15.4 15 15.4 18 16.2
≥40 1 20.0 1 20.0 2 32.4
Race/ethnicity
White, non-Hispanic 65 29.4 0.02 67 29.9 0.16 71 31.3 0.01
Black, non-Hispanic 26 41.3 28 42.5 28 45.9
Hispanic 16 60.3 16 60.3 16 61.8
Other
a
13 14.0 15 30.2 14 14.0
Educational status
Less than high school 17 44.7 0.00 18 46.7 0.0002 16 43.0 0.00
High school graduate 40 60.2 39 59.7 45 65.8
Some college 34 40.3 38 41.8 36 42.3
College graduate 30 14.0 32 18.1 33 15.4
Annual Household Income
<$15,000 25 54.7 0.03 26 55.1 0.10 25 52.7 0.09
$15,000-<$25,000 26 42.4 27 42.8 27 45.7
$25,000-<$35,000 13 44.6 14 46.8 12 43.9
$35,000-<$50,000 15 25.2 15 25.2 15 25.3
>$50,000 29 20.3 32 25.0 34 24.0
Don't know/not sure/missing 13 36.7 13 36.0 17 40.3
Health Insurance
No 16 61.6 0.04 17 64.3 0.04 19 69.7 0.02
Yes 105 30.0 110 32.4 111 31.5
Current employment status
Employed 53 26.2 0.05 55 29.7 0.08 55 27.9 0.04
Unemployed 20 61.3 22 62.9 23 62.9
Not in labor force
b
47 35.5 49 36.3 51 37.9
Marital status
Never married/unmarried couple 44 46.7 0.03 46 47.2 0.07 46 46.1 0.08
Married 68 26.2 72 29.6 77 29.8
Divorced/Separated/Widowed 8 25.3 8 25.3 7 21.4
Children (<18 yrs) in household
0 39 33.3 0.94 42 34.4 1.00 39 33.2 0.92
1 33 29.4 35 35.7 38 32.3
2 29 34.5 30 34.6 31 35.9
3+ 19 33.8 19 33.8 22 39.8
Alcohol consumption in the past month
No 114 33.7 0.09 119 36.0 0.07 122 35.6 0.06
Yes 6 12.0 6 12.0 6 11.0
No Dental Visits in the 
Past Year
No Teeth Cleaning in the 
Past Year
d
Non-use Of Oral Health 
Services
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Smoking status
Never smoker 66 27.2 0.05 71 30.6 0.11 71 29.4 0.06
Former smoker 40 48.3 40 48.3 43 50.0
Current smoker 15 25.3 16 26.0 16 25.0
BMI (kg/m
2
)
Neither overweight nor obese (<25) 38 23.5 0.18 41 28.8 0.46 41 25.5 0.09
Overweight (25-<30) 31 34.6 32 34.7 32 34.7
Obese (≥30) 46 41.7 48 42.5 52 45.9
Don't know/not sure/refused/missing 6 29.8 6 29.8 5 20.2
Ever diagnosis of angina pectoris
No 120 32.6 0.46 126 34.9 0.43 130 34.5 0.19
Yes 1 15.2 1 15.2 0 0.0
Ever diagnosis of myocardial 
No 120 32.7 0.15 126 35.0 0.13 130 34.7 0.06
Yes 1 8.3 1 8.3 0 0.0
Ever diagnosis of stroke
No 120 32.8 0.26 126 35.2 0.25 130 34.8 0.19
Yes 1 5.9 1 5.9 0 0.0
Ever diagnosis of diabetes
No 117 32.7 0.52 123 35.1 0.45 127 34.7 0.38
Yes 4 21.3 4 21.3 3 18.4
Ever diagnosis of asthma
No 90 30.5 0.14 95 32.9 0.16 96 32.5 0.16
Yes 30 44.7 31 46.3 33 46.1
Perceived social support
Rarely/never 7 34.5 0.24 8 36.7 0.17 6 32.4 0.22
Sometimes 11 56.8 11 56.8 13 58.3
Usually 31 32.5 33 41.0 34 34.6
Always 68 28.4 71 29.0 72 29.4
a
Includes multiracial and other non-Hispanic race.
b
Includes student/homemaker/retired/unable to work.
c
p -values from Chi square tests for categorical variables.
d
Non-use of oral health services defined as no dental visits or teeth cleaning in the past year. 
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Table 3.7. Anxiety and Depression According to Tooth Loss; Behavioral Risk Factor 
Surveillance System, 2010. 
  
 
 
N % p -value
a
N % N % p -value
a
Anxiety
Lifetime diagnosed anxiety
No 78 20.8 0.17 71 19.7 7 1.1 0.25
Yes 23 32.1 19 26.7 4 5.4
Depression
Lifetime diagnosed depression
No 86 20.9 0.25 79 19.9 7 1.0 0.32
Yes 15 31.8 11 25.3 4 6.5
Current depression
c
No 84 21.3 0.35 77 20.5 7 0.7 0.23
Yes 17 29.0 13 19.7 4 9.3
Current depressive symptoms
None (0-4) 55 17.2 0.03 48 16.2 7 1.1 0.00
Mild (5-9) 29 30.0 29 30.0 0 0.0
Moderate (10-14) 15 32.5 12 23.5 3 8.9
Moderately severe (15-19) 0 0.0 0 0.0 0 0.0
Severe (20-24) 2 68.9 1 29.3 1 39.6
a
p -values from Chi square tests for categorical variables.
b
Includes all teeth lost.
c
Current depression as defined by total Patient Health Questionnaire (PHQ-8) score  ≥10.
Level of tooth loss≥1 Tooth Loss
 1-5 6 or more
b 
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Table 3.8. Anxiety and Depression According to Use of Oral Health Services; Behavioral 
Risk Factor Surveillance System, 2010. 
 
N % p -value
a
N % p -value
a
N % p -value
a
Anxiety
Lifetime diagnosed anxiety
No 92 30.4 0.27 99 33.4 0.39 99 31.6 0.28
Yes 20 43.0 20 43.0 22 43.7
Depression
Lifetime diagnosed depression
No 99 32.6 0.52 106 35.6 0.36 106 33.9 0.46
Yes 13 26.3 13 26.3 15 26.5
Current depression
b
None 94 30.8 0.36 101 33.7 0.53 102 32.4 0.64
Yes 19 40.4 19 40.4 19 37.2
Current depressive symptoms
None (0-4) 67 31.9 0.68 72 32.8 0.74 74 33.7 0.68
Mild (5-9) 27 28.5 29 35.8 28 29.8
Moderate (10-14) 12 35.0 12 35.0 12 30.1
Moderately severe (15-19) 3 42.6 3 42.6 3 42.6
Severe (20-24) 4 100.0 4 100.0 4 100.0
a
p -values from Chi square tests for categorical variables.
b
Current depression as defined by total Patient Health Questionnaire (PHQ-8) score  ≥10.
c
Non-use of oral health services defined as no dental visits or teeth cleaning in the past year.
Non-use Of Oral Health 
Services
c
No Dental Visits in the 
Past Year
No Teeth Cleaning in the 
Past Year
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Table 3.9. Anxiety and Depression According to Time Since Last Dental Visit/Teeth Cleaning; Behavioral Risk Factor Surveillance 
System, 2010. 
 
N % N % N % N % p -value
a
N % N % N % N % p -value
a
Anxiety
Lifetime diagnosed anxiety
No 230 66.6 38 13.1 37 14.6 24 5.7 0.61 226 68.4 39 14.5 31 11.4 29 5.7 0.48
Yes 31 57.0 7 20.7 6 10.6 7 11.7 28 56.3 7 20.5 5 7.9 10 15.2
Depression
Lifetime diagnosed depression
No 227 64.5 43 15.4 39 14.9 24 5.3 0.07 222 66.1 42 16.4 32 11.4 32 6.1 0.19
Yes 35 73.7 2 4.0 4 7.1 7 15.3 33 73.5 4 5.8 4 6.8 7 13.9
Current depression
c
None 237 66.3 40 14.2 38 14.5 23 5.0 0.36 232 67.6 40 15.1 29 10.5 33 6.8 0.94
Yes 26 59.6 5 12.3 5 9.1 9 19.0 24 62.8 6 15.6 7 13.6 6 8.0
Current depressive symptoms
None (0-4) 172 67.3 30 17.8 26 10.7 16 4.2 0.23 167 66.4 31 19.6 18 8.0 25 6.1 0.16
Mild (5-9) 65 64.2 10 6.3 12 22.9 7 6.6 65 70.2 9 5.2 11 16.1 8 8.5
Moderate (10-14) 21 65.0 4 10.2 3 5.8 5 19.1 19 69.9 5 14.3 5 11.5 2 4.2
Moderately severe (15-19) 5 57.4 1 25.9 1 12.5 1 4.2 5 57.4 1 25.9 1 12.5 1 4.2
Severe (20-24) 0 0.0 0 0.0 1 39.6 3 60.4 0 0.0 0 0.0 1 39.6 3 60.4
a
p -values from Chi square tests for categorical variables.
b
Includes never.
c
Current depression as defined by total Patient Health Questionnaire (PHQ-8) score  ≥10.
1-2 yrs. ago 2-5 yrs. ago > 5 yrs. ago
b
Time Since Last Dental Visit Time Since Last Teeth Cleaning
1-12 mos. ago 1-2 yrs. ago 2-5 yrs. ago > 5 yrs. ago
b
1-12 mos. ago
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Table 3.10. Multivariable Odds of Tooth Loss; Behavioral Risk Factor Surveillance System, 
2010. 
  
 
 
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Anxiety
Lifetime diagnosed anxiety
No 1.0 referent 1.0 referent 1.0 referent 1.0 referent
Yes 1.8 (0.8, 4.1) 3.3 (1.2, 9.2) 3.3 (1.0, 10.8) 3.3 (1.0, 11.1)
Depression
Lifetime diagnosed depression
No 1.0 referent 1.0 referent 1.0 referent 1.0 referent
Yes 1.8 (0.7, 4.3) 1.6 (0.6, 3.9) 1.5 (0.5, 3.9) 1.5 (0.5, 4.3)
Current depression
b
No 1.0 referent 1.0 referent 1.0 referent 1.0 referent
Yes 1.5 (0.6, 3.6) 1.1 (0.4, 3.0) 1.2 (0.4, 3.2) 1.5 (0.5, 4.3)
Current depression score 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.1 (1.0, 1.2)
Odds ratios (OR)s and 95% confidence intervals (CI)s from multivariable logistic regression models.
Model 1 - adjusted for age, race, education, income, health insurance, employment status, and marital status.
Model 2 - additionally adjusted for smoking status, alcohol consumption, and body mass index.
Model 3 - additionally adjusted for perceived social support.
a
Adjusted for dental visits/teeth cleaning within the past year.
b
Current depression as defined by total Patient Health Questionnaire (PHQ-8) score  ≥10.
≥1 Tooth Lossa
Model 3Model 1Unadjusted Model 2
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Table 3.11. Multivariable Odds of Non-use of Oral Health Services; Behavioral Risk Factor 
Surveillance System, 2010. 
 
 
 
 
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Anxiety
Lifetime diagnosed anxiety
No 1.0 referent 1.0 referent 1.0 referent 1.0 referent
Yes 1.7 (0.7, 4.1) 2.7 (1.0, 6.9) 2.5 (0.9, 6.9) 2.4 (0.9, 6.7)
Depression
Lifetime diagnosed depression
No 1.0 referent 1.0 referent 1.0 referent 1.0 referent
Yes 0.7 (0.3, 1.91) 1.1 (0.4, 3.4) 0.8 (0.3, 2.6) 0.7 (0.2, 2.3)
Current depression
a
No 1.0 referent 1.0 referent 1.0 referent 1.0 referent
Yes 1.5 (0.6, 3.7) 1.0 (0.4, 2.8) 1.0 (0.4, 3.1) 0.7 (0.2, 2.1)
Current depression score 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.0 (0.9, 1.1) 1.0 (0.9, 1.1)
Odds ratios (OR)s and 95% confidence intervals (CI)s from multivariable logistic regression models.
Model 1 - adjusted for age, race, education, income, health insurance, employment status, and marital status.
Model 2 - additionally adjusted for smoking status, alcohol consumption, and body mass index.
Model 3 - additionally adjusted for perceived social support.
a
Current depression as defined by total Patient Health Questionnaire (PHQ-8) score  ≥10.
b
Non-use of oral health services defined as no dental visits or teeth cleaning in the past year. 
Model 2 Model 3
b
Non-use Of Oral Health Services 
Unadjusted Model 1
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Table 3.12. Multivariable Odds of No Dental Visits or Teeth Cleaning within the Past Year; Behavioral Risk Factor Surveillance System, 
2010. 
 
 
 
 
OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Anxiety
Lifetime diagnosed anxiety
No 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent
Yes 1.5 (0.6, 3.6) 2.3 (0.9, 5.9) 2.2 (0.9, 5.9) 2.1 (0.8, 5.8) 1.7 (0.7, 4.0) 2.5 (1.0, 6.4) 2.1 (0.7, 6.1) 2.0 (0.7, 5.9)
Depression
Lifetime diagnosed depression
No 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent
Yes 0.7 (0.3, 1.7) 0.8 (0.3, 2.7) 0.7 (0.2, 2.1) 0.5 (0.2, 1.7) 0.7 (0.3, 1.8) 1.1 (0.3, 3.7) 0.8 (0.2, 2.7) 0.7 (0.2, 2.3)
Current depression
a
No 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent 1.0 referent
Yes 1.3 (0.6, 3.3) 0.8 (0.3, 2.4) 0.9 (0.3, 2.6) 0.5 (0.2, 1.7) 1.2 (0.5, 3.0) 0.8 (0.3, 2.6) 0.8 (0.3, 2.7) 0.5 (0.2, 1.5)
Current depression score 1.1 (1.0, 1.1) 1.1 (1.0, 1.1) 1.1 (1.0, 1.2) 1.0 (0.9, 1.1) 1.0 (1.0, 1.1) 1.0 (0.9, 1.1) 1.0 (0.9, 1.1) 1.0 (0.9, 1.1)
Odds ratios (OR)s and 95% confidence intervals (CI)s from multivariable logistic regression models.
Model 1 - adjusted for age, race, education, income, health insurance, employment status, and marital status.
Model 2 - additionally adjusted for smoking status, alcohol consumption, and body mass index.
Model 3 - additionally adjusted for perceived social support.
a
Current depression as defined by total Patient Health Questionnaire (PHQ-8) score  ≥10.
No Teeth Cleaning within the past year
Unadjusted Model 1 Model 2
No Dental Visits within the past year
Model 3 Unadjusted Model 1 Model 2 Model 3
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